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210 Pilkington, Jun., Wm., St. Helens, Lancashire. 

211 Potter, £., Cramlington, Newcastle-on-Tyne. 

212 Potter, W. A., Monk Bretton, Bamsley, Yorkshire. 

213 Powell^ T., Lower Dufi&yn Colliery, Aberdare, Glamorganshire. 

214 Ramsay, J. T., Walbottle Colliery, Newcastle-on-Tjme. 

215 Ramsay, David R., Iron Works, Wallsend. 

216 Ravenshaw, J. H., Grange, Newton-in-Cartmel, Lancashire. 

217 Rayner, J. T., Methley House, Leeds. 

218 Rees, Robert N. T., Letty, Shenkin Colliery, Aberdare, Glamor- 

ganshire. 

219 Reid, P. S., 53, Westgate Street, Newcasde-on-Tyne. 

220 Richardson, Dr., Framlington Place, Newcastle-on-Tyne. 

221 Robinson, R., Stanley Colliery, Pease's West, Darlington. 

222 Robson, J. G., 22, Brecknock Crescent, Camden Town, London, N. W. 

223 Robson, J. S., Butterknowle Colliery, Staindrop, Darlington. 

224 Robson, M. B., Field House, Borough Road, Sunderland. 
226 Robson, Neil, 18, Park Terrace, Glasgow, 

226 Robson, Thomas, Wylam Colliery, Newcastle-upon-Tyne. 

227 Rockwell, Alfd. P., M.A., Norwich, Connecticut, United States, 

America. 



(xix) 

S38 Bose, Thomas, Coalmaster^ Bilston, Wolverhampton, Staffordshire. 

229 Ross, A., Shipcote Colliery, Gateshead. 

230 Rosser, Wm., Mineral Surveyor, Llanelly, Carmarthenshire, Wales. 

231 Rutlierfordi J.^ South Tpe Colliery, Haltwhistle, Northumberland. 

232 Sanderson, Jun., R. B., West Jesmond, Newoastle-on-Tyne. 

233 Sanderson, Thomas, Seaton Delaval, Newcastle. 

234 Shield, Hugh, Hetton, Fence Houses. 

235 Shore, Isaac, Mineral Surveyor, Grove Bank, near Wrexham, Den- 

bighshire. 

236 Shortrede, T., Bourne Moor Colliery, Fence Houses. 

237 Shute, Charles A., Thomley Vicarage, Ferry Hill. 

238 Simpson, John H., Medomsley Colliery, Grateshead. 

239 Simpson, L., Medomsley Colliery, Gateshead. 

240 Simpson, R., Ryton, Newcastle. 

241 Simpson, John Bell, Moor House, Ryton, Newcastle. 

242 Simpson, R. L., Seaton Delaval, Newcastle. 

243 Smallman, Joseph Harris, King's Hill, Wednesbury. 

244 Smith, C. F. S., Civil and Mining Engineer, Midland Road, Derby. 

245 Smith, F., Bridgewater Canal OflBice, Manchester, Lancashire. 

246 Smith, Jun., J., Monkwearmouth Colliery, Sunderland. 

247 Smith, Edmund J., 14, Whitehall Place, Westminster, London, S.W. 

248 Sopwith, T., 43, Cleveland Square, London, W. 

249 Southern, G. W., Rainton Colliery, Fence Houses. 

250 Southern, J. M., Kibblesworth Hall, Gateshead. 

251 Spark, H. K, Darlington, County of Durham. 

252 Spencer, Jun., W., Eston Mines, Middlesbro'. 

253 Steavenson, A. L., Normanby Mines, Middlesbro'-on-Tees, Yorkshire. 

254 Stenson, W. T., Whitwick Colliery, Ashby-de-la-Zouch, Leices- 

tershire, 

255 Stephenson, George R., 24, Great George Street, Westminster, 

London, S.W. 

256 Stobart, Wm., Roker, Monkwearmouth, Sunderland. 
267 Stobart, H. S., Witton-le-Wear, Darlington. 

258 Stott, G., Ferry Hill, County of Durham. 

259 Taylor, H., Earsdon, Newcastle-on-Tyne. 

260 Taylor, Jun., H., Backworth Hall, Newcastle-on-Tyne. 

261 Taylor, J., Earsdon, Newcastle-on-Tyne. 



262 Telford, W., Cramlington, Newcastle-on-Tyne. 

263 Thomas, George, Wallend Colliery, Bloxwich, WakalL 

264 Thompson, John, Marlej Hill Colliery, Gateshead. 

265 Thompson, T. C, Milton Hall, Carlisle, Cumberland. 

266 Thomson, Alex., Canonbie Colliery, Hawick, Roxburghshire, N.B. 

267 Thorman, John, Bipley, Derbyshire. 

268 Thorpe, R. C, North Grawber Colliery, Staincross, Bamsley^ 

Yorkshire. 

269 Tone, C.E., John F., 10, Market Street, Newcastle-on-Tyne. 

270 Trotter, J., Newnham, Gloucestershire. 

271 Truran, Matthew, Dowlais Iron Works, Merthyr Tydvil, South 

Wales. 

272 Vaughan, J., Middlesbro'-on-Tees. 

273 Vaughan, Thomas, Middlesbro'-on-Tees. 

274 Vaughan, William, Middlesbro'-on-Tees. 

275 Vemer, Albert^ Framwellgate Colliery, Durham. 

276 Wales, T. E., 15, Nelson Street, Sunderland. 

277 Ward, Henry, Priestfield Iron Works, Oaklands, Wolverhampton. 

278 Warden, , Birmingham. 

279 Ware, W. H., The Ashes, Stanhope, Weardale. 

280 Warrington, John, Eippax, near Leeds. 

281 Watkin, Wm. John Laverick, Woodifield and Whitelee Collieries^ 

Crook, Darlington. 

282 Watson, W., High Bridge, Newcastle-on-Tyne. 

283 Watson, Joseph J. W., No. 1, Rue Notre Dame, Passy, near Paris. 

284 Webster, R. C, Ruabon Collieries, Ruabon, Denbighshire. 

285 Willis, James, Grange Colliery, Durham. 

286 Wilmer, F. B., Seaton Colliery, Sunderland. 

287 Wilson, J. B., Haydock, near St Helen's, Lancashire. 

288 Wilson, R., Flimby Colliery, Maryport, Cumberland. 

289 Wilson, John Straker, Backworth Colliery, near Newcastle. 

290 Wood, Charles S., Master of the Mining School, Bristol. 

291 Wood, C. L., Black Boy Colliery, Bishop Auckland. 

292 Wood, Lindsay, Hetton Colliery, Fence Houses. 

293 Wood, N., Hetton Hall, Fence Houses, County of Durham. 

294 Wood, W. H., West Hetton, Ferry HiU. 

290 Woodhouse, J. T., Midland Road, Derby, Derbyshire. 



W^si oi Snbsmbing CoUunts. 



Owners of Stella Colliery, Ryton, Newcastle-on-Tyne. 

,, Grange Colliery, Durham. 

„ Kepier Grange Colliery, Ferry Hill. 

„ Leasingthome Colliery, Ferry Hill. 

„ Westerton Colliery, Ferry Hill. 

„ Poynton and Worth Colliery. 

„ Black Boy Colliery, Bishop Auckland. 

„ North Hetton Colliery, Fence Houses. 

„ Haswell Colliery, Durham. 

„ South Hetton and Murton Collieries, Fence Houses. 

„ Earl of Durham, Lamhton Collieries, Fence Houses. 

„ Seghill Colliery, Seghill, near Newcastle. 

„ East Holywell Colliery. 

„ Hetton Collieries, Fence Houses. 

„ Whitworth Colliery, Ferry Hill. 



$jttles. 



1.— >That the Members of this Society shall consist of Ordinary 
Members, Life Members, and Honorary Members. 

2. — That the Annual Subscription of each Ordinary Member shall be 
£2 2s. Od., payable in advance, and that the same shall be considered as 
due and payable on the first Saturday of August in each year. 

3. — ^That all persons who shall at one time make a Donation of £20 
or upwards, shall be Life Members. 

4. — Honorary Members shall be persons who shall have distinguished 
themselves by their literary or scientific attainments, or made important 
communications to the Society. 

6. — ^That a Greneral Meeting of the Society shall be held on the first 
Thursday or Saturday, alternately, of every Month (except in January 
and July), at twelve o'clock noon, or two o'clock, if on Saturday ; and 
the Greneral Meeting in the month of August shall be the Annual 
Meeting, at which a report of the proceedings, and an abstract of the 
accounts of the previous year, shall be presented by the Council. A 
Special Meeting of the Society may be called whenever the Council shall 
think fit, and also on a requisition to the Council signed by ten or more 
members. 

6. — No alteration shall be made in any of the Laws, Rules, or 
Regulations of the Society, except at the Annual General Meeting, or at 
a Special Meeting; and the particulars of every alteration to be then 
proposed shall be announced at a previous General Meeting, and inserted 
in its minutes, and shall be exhibited in the Society's meeting-room 
fourteen days previously to such General Annual or Special Meeting. 

7. — Every question which shall come before any Meeting of the 
Society shall be decided by the votes of the majority of the Ordinary and 
Life Members then present and voting. 

8. —Persons desirous of being admitted into the Society as Ordinary 
or Life Members, shall be proposed by three Ordinary or Life Members, 
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or both, at a General Meeting. The proposition shall be in writing, 
and fidgned by the proposers, and shall state the name and residence of 
the individual proposed, whose election shall be ballotted for at the next 
following General Meeting, and during the interval notice of the propo- 
sition shall be exhibited in the Society's room. Every person proposed 
as an Honorary Member must be recommended by at least five Members 
of the Society, and elected by ballot at the General Meeting next suc- 
ceeding. A majority of votes shall determine every election. 

9. — The OfEcers of the Society shall consist of a President, four Vice- 
Presidents, and twelve Members who shall constitute a Coimcil, for the 
direction and management of the afibirs of the Society ; and of a Trea- 
surer and a Secretary; all of ^om shall be elected at the Annual 
Meeting, and shall be re-eligible, with the exception of Three Coimcillors 
whose attendances have been fewest, and such Vice-Presidents as have 
held ofSce for three consecutive years. All OfEcers to be elected firom a 
list of Members nominated as eligible at the General Meeting before the 
Anniversary; which list will, with voting papers, be sent to every 
Member. All voting papers must be delivered personally at the Anni- 
TeoBTj Meeting. 

10. — ^The Funds of the Society shall be deposited in the hands of the 
Treasurer, and shall be disbursed by him according to the direction of 
the Council. 

11. — ^The Council shall have power to decide on the propriety of 
communicating to the Society any papers which may be received, and 
they shall be at liberty, when they think it desirable to do so, to direct 
that any paper read before the Society shall be printed. Intimation, when 
practicable, shall be given at the close of each General Meeting of the 
subject of the paper or papers to be read, and of the questions for discussion 
at the next meeting, and notice thereof shall be affixed in the Society's 
room ten dap previously. The reading of papers shall not be delayed 
beyond three o'clock, and if the election of members or other business 
should not be sooner despatched, the President may adjourn such business 
until after the discussion of the subject for the day. 

12. — The Copyright of all papers communicated to and accepted by 
the Institute, becomes vested in the Institute ; and such communications 
shall not be published for sale, or otherwise, without the permission of 
the Council. 

13. — The transmission of the Proceedings shall be withheld from 
members more than two years in arrear of their annual subscriptions. 
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NORTH OF ENGLAND INSTITUTE 

OF 

MINING ENGINEERS. 



ANNUAL GENERAL MEETING, HELD AT BIRMINGHAM, IN THE 
BIRMINGHAM AND MIDLAND COUNTIES INSTITUTION, 
JULY 16th, 17th, k 18th, 1861. 



Nicholas Wood, Esq., President of the Institute, in the Chair. 



The EDnual general meetiiig of the Institute was held at Binningham, 
on Tuesday, the 16th of July. The members and visitors from the 
different districts assembled at eleven o'clock, in the Hall of the Midland 
Institute. The President of the Institute (Mr. Nicholas Wood) occupied 
the chair. There were about 200 gentlemen present on the first day. 
The local arrangements were under the management of Mr. Garrington, 
assisted by Mr. Woodhouse. 

The President took the chair precisely at eleven o'clock. 

The President said : — Gentlemen, — I shall not at the present moment 
state to you the object which the Northern Institute of Mining Engineers 
has in view in meeting in the town of Birmingham, because I shall have 
to do so when I make my inaugural address, after the routine business 
of the Institute has been proceeded with. The first business which we 
have to transact is the election of new members. The usual mode of 
proceeding is, that the candidate shall be proposed by three members; that 
those names shall be suspended in the room of the Institute for a month ; 
and then, that the election shall take place. In the present case, however, 
it has been determined to suspend the operation of that rule, and to 
proceed with the election at once. 

He following new members were then elected, each being proposed by 
three members, in accordance with the rules ; — Mr. Charles Edward 
Appleby, Derby ; Mr. William Buxton, Staveley Colliery, Cliesterfield ; 

Vol. X, — BiRMiifOHAM Mbetino, July, 1861. a 



Mr. Thomas Canington, Jun., Derby; Mr. William Dunn Gainsford, 
Derby ; Mr. John Jackson, Derby ; Mr. Robert Heath, Newcastle-under- 
Lyne, Staffordshire ; Mr. James Lindop, Bloxwich, Walsall, Staffordshire ; 
Mr. John Brown, Cannock Chase, Staffordshire; Mr. Colin Napier, 
Westminster Colliery, Wrexham, Denbighshire; Mr. Henry Jackson, 
Astley and Bedford Collieries, Leigh, Manchester ; Mr. Robert Aytoun, 
3, Fetter Row, Edinburgh ; Mr. Thomas Knowles, Ince Hall, Wigan, 
Lancashire ; Mr. James Darlington, Chorley, Lancashire ; Mr. Thomas 
Dunn, C.E., Winden Bridge Works, Manchester ; Mr. Howard, Staveley 
Works, Chesterfield, Derbyshire; Mr. J. P. Hunt, Comgreaves, Bir- 
mingham, Warwickshire ; Mr. William Bryham, Rose Bridge, Wig^n, 
Lancashire; Mr. Thomas Livesey, Chamber Hall, Hollingwood, and 
Bradford Colliery, Manchester; Mr. Joseph Harris Smallman, King^s 
Hill, Wednesbury ; Mr. Richard Barrow, Ringswood Hall, Chesterfield, 
Derbyshire ; Mr. Henry Dennis ; Mr. Silas Bowkley ; and Mr. Jacob 
Higmore. 

Mr. WooDHOUSE explained to the meeting the arrangements which 
had been made with reference to the dinner, and excursion tickets to the 
members. 

The President stated, that it was proposed that the reading and dis- 
cussion of papers should commence on each of the first two days at eleven 
o'clock, and terminate as soon as convenient sAer four o'clock in the 
afternoon. The members would then proceed to visit the manufactories 
and other places of interest, which had been thrown open to them ; and 
on the third day they would visit some of the neighbouring collieries 
and iron works, and afterwards visit the limestone caverns at Dudley 
Castle, which would be lighted up by the Earl of Dudley. 



THE INAUGURAL ADDRESS. 



By NICHOLAS WOOD, Esq., President. 



Gbxtlemen, — It now becomes my duty to state to you the object of 
the Nordiem Institute of Mining Engineers in holding this meeting in 
Birmingham, their usual place of meeting being, as you are aware, in the 
town of Newcastle-upon-Tyne, in which the meetings have been hitherto 
held, which, I presume, I ^ill best do by going into a few details — first 
of all as to the objects in view on the original establishment of the 
Institute; next, an outline of the labours of the Society since its 
formation ; and lastly, I shall make a few observations on the step which 
has been taken in holding ibia the first district meeting of the Institute 
in Birmingham. In the first place, however, I beg to congratulate the 
members of the Institute upon the very great progress it has made since 
it was first established. At the first annual meeting of the Institute 
we had only about eighty members ; at the present moment the number 
of members, including those gentlemen who have been proposed and 
elected to-day, amounts to very little short of 300 — somewhere, I believe, 
between 290 and 300. (Hear, hear.) I ^ill now, gentlemen, as shortly 
as I can, explain to you the object of the original fomiation of this 
Institute, and I think, probably, I shall best do so by reading a short 
extract firom an inaugural address which I made at its first annual 
meeting, in September, 1852, the Institute not having then been estab- 
lished more than nine months. In explaining to the members of the 
Institute, on that occasion, the objects of its establishment I used tliese 
words : — " The object of this Institution is twofold, first by the union and 
concentration of professional experience, to endeavour, if possible, to 
devise measures which may tend to alleWate those dreadfiil calamities, 
which have so firequently conduced to the destruction of life and property, 
and which have always been attended with such miseries to the inhabi- 
tants of the district; and, secondly, to establish some kind of literary 
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association^ the object of which should be to obtain some knowledge of 
the subjects of coal mining and other matters which are not contemplated 
in the ordinary literary associations which have hitherto been generally 
established." Now, gentlemen, after the experience we have had, I 
need not, I think, dilate upon the importance of the establishment of the 
present Association, because no person can doubt that it must be of very 
great advantage, if the labours of the Institution tend, in however slight 
a degree, to prevent the recurrence of those dreadful accidents which we 
too frequently experience ; and if it was attended by no other result, I am 
sure you will be inclined to agree with me that, that alone would form an 
ample justification for the establishment of such an Institute. (Hear, 
hear.) Again, it seems very desirable that a literary institution, applicable 
to Uie coal mining interests of the kingdom, should be established for the 
purpose of endeavouring to improve the science and art of mining. 
Admitting, therefore, the necessity of the formation of such an asso- 
ciation, I will next proceed to explain to you tlie progress that has been 
made by the Institute since its first establishment ; and I shall do that 
best, perhaps, if I refer to the papers which have been read at our yarions 
meetings. As you are aware, this Institution has now been in existence 
rather more than eight years, and during that period we have had read 
about eighty papers, upon each of which there has been, of course, some 
discussion. I do not propose to trouble you, on the present occasion, by 
going into all the details of the discussions that have taken place ; but I 
think I can sliortly give you an outline, which will convey to your minds 
some notion of the character of the several papers which have been read, 
as well as of their practical value. I have taken out the list of these papers 
from the "Transactions" of the Association since its first commencement, 
and I have arranged that list under difierent heads, which, I think, will 
tend to bring out the various topics which have been brought under the 
attention of the members of the Institute. In the first place, I will 
endeavour to give you some account of the papers we have had laid 
before us, having reference to the geological position of the different 
coal-fields ; and then I will go to those papers which relate to the pro~ 
hahle duration of the coal, in a mining point of view. I propose next to 
pass on to the papers relating to the analysis of coal, and afterwards to 
those which have reference to the geological features of the difierent 
ironstone measures, and the various strata in connexion therewith. 
After that, I shall come to the practical operation of mining — first by 
sinking shafts, — next, the working of the coaly — then the state of the 



ga$ hi sMy and next the description of parvfr usedjbr the purpose of 
vemiilatinff the mines. After that, I will proceed to explain those papers 
which have a general reference to the question of the ventilation of mines 
in detail; and then^ I will endeavour to draw your attention to the 
sabject of the different descriptions of safety-lamps wliich are used in 
ounes. Next^ I shall proceed to bring to jour consideration the papers 
which have been read with reference to the conveyance of coal under* 
ground; and to several other matters which relate to the practical 
operation of the working of coal mines. These, gentlemen, are the heads 
of the different papers ; or, at all events, of most of them, which have 
been read at the various meetings of the Institute, and which I propose 
to bring out in review before you. I think it necessary to go somewhat 
into detail, for the purpose of bringing clearly before you what we have 
done, and also to explain what we are doing ; and I likewise feel, it is 
very desirable that there should be some reasons given why the gen- 
tlemen who are connected with our district, in the first place, and next, 
why the professional gentlemen connected with other districts where 
mining operations are carried on extensively, should combine together 
for the purpose of forming an institution of this kind. First of all, it is 
necessary for the purpose of obtaining that knowledge which is so 
important in mining operations ; and next in imparting that knowledge 
to those who have not such opportunities, or who are yet in search of 
such knowledge. In the first place, it is very desirable that every 
person practically engaged in mining operations should know what 
has been done throughout the whole of the mining districts, and especially 
in those districts wliich have been the longest in operation, which are 
the most difficult to work, and where the most extensive working of 
mines exist ; and, in the next place, it is also extremely desirable that 
they should know what has been left undone. And if the knowledge of 
what has been done, and what remains to be done, tends in any 
degree to promote the extension of tlie science of mining, I am quite 
sure that the members of tlie Institute, and otliers who are now met 
together, will agree with me that the time and labour which has been 
devoted by the Institution to the subject, have been very well and pro- 
fitably bestowed. (Hear, hear.) I think, gentlemen, that we have a 
right to expect that more should have been done, in reference to the 
science of mining in the northern districts, than in most of the other 
parts of the kingdom. I hope you will excuse my putting the matter in 
that shape, because, whatever may be the state of mining operations in 



other districts^ it is quite clear that, if mining in Northumberland and 
Durham has not become more efficient than in some of the other mining 
districts which are of more modern growth, these northern districts 
must have fallen very far short of their duty. It is well known that 
mining operations in Northumberland and Durham were carried out to a 
very considerable extent, at a very early period indeed — long before any 
attempt to develope the mining capabilities of other parts of the kingdom. 
In the north the mining engineers were the first who had to contend 
with the great difficulty of mining in deep pits. They were the first 
who had to apply science and skill to the prevention of the danger 
arising from the presence and accumulation of large quantities of gas 
and water in the mines ; and, therefore, of necessity they ought to 
know more of the science of mining than those districts which have 
more recently come into play; and which, up to a comparatively 
recent period, have not had these difficulties to contend with. It is, 
therefore, to be understood as no reflection upon other districts, if I 
put the mining of Northimiberland and Durham so prominently before 
the meeting, because it is not too much to say, that those engaged in 
mining operations in these two counties, being the first who had to con- 
tend with all these difficulties, it is their duty to give the best possible 
practical information in their power to their neighbours who have not 
had so much experience, and who have yet to encounter these difficulties. 
And in this respect I may venture to express a hope, that the holding 
of the meeting of the Institute, on the present occasion, in the im- 
portant town and neighhourliood of Binningliam may in these 
respects be productive of some practical utility. (Cheers.) At the 
same time, gentlemen, allow me to say th^t, notwithstanding our 
great experience in the north, we have still very much to learn — and 
that, too, in a great many phases, fi*om diose comparatively new dis- 
tricts with which we are constantly coming into contact — and 
which this meeting will, I trust, be tlie means of communicating. 
We shall hear the experience of miners from other districts, and we 
know that, in matters of detail, such knowledge can only be acquired 
by seeing mining operations in different localities practically per- 
formed, which we shall be enabled to do by the step we have taken 
in visiting this district. We know, for instance, that the coal in this 
district is very different from the coal in our district, and we know 
that those gentlemen who are engaged in the management of the mines 
of this district, have very much valuable information to communicate to 



US, as to the mode of working their mines ; which, in many instances^ 
may be applicable to the worldng" of some of the mines in our districts. 
Although, as I have said, the character of the coal is different, yet the 
practical operations of mining are in some deg7*ee similar to ours ; and, 
therefore, T hope that it will meet with the approval of the profession in 
this district, that we have migrated, as it were, from Newcastle to Bir- 
mingham, with a view of interchanging the information and experience 
wbich we have each of us gained in our respective localities— (hear, 
hear) — and I cannot but think that such interchange of ideas must tend 
in the highest degree to our mutual benefit. (Cheers.) Reverting now 
to my original intention of explaining somewhat in detail the labours 
of the Institute, I should state that, with reference to the geological 
eharacter of the eoal-Jlelds, we have had twelve papers read to us ; and it 
is by no means surprising that the majority of these papers should refer 
to the coal-fields of Northumberland and Durham, and to the geological 
position of the coal deposits of these districts, rather than to those of 
other districts. It is well known that the geological position of the coal- 
field of die north is that of the ordinary or general position in which 
the coal-fields proper are generally found, i.e., for the most part resting 
upon the mountain limestone, or carboniferous formation, and covered 
bv the new red sandstone and ma^mesian limestone formations. There 
are, however, cases in which the coal of that coal-field is found resting 
upon, and overlaid by, other strata ; and in these papers you will find 
a very full account of the general geological position of the whole of 
the coal-fields of Northumberland and Durham, and their relative posi- 
tion as regards the superior and inferior strata. We have recently had 
a paper (which was only communicated to the Institute at their meeting 
of last month), which is very important in its character : — a paper read 
by Mr. Boyd, which gives a description of a coal formation situated in 
the middle of the mountain limestone, comprising upwards of ninety feet 
of coal in the various beds. That is certainly a very unusual locality for 
a coal formation of such an extent, and I believe of rare occurrence in 
the regular carboniferous, or mountain limestone series. The paper to 
which I have referred, gives a very full description of these very exten- 
sive beds of coal, and also some basaltic dykes, and considerable slips 
or dislocations of the strata, and especially of the limestones of the 
mountain limestone series, and near the bottom of it — certainly below 
most of the limestones of that series in Northumberland. You are aware 
that in Scotland, the great coal beds of that country are associated with 
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limestone ; but in that case the coal beds are near the top of the series. 
In this case the coal measures are most of them at the bottom of the 
mountain limestone^ and very little above the old red sandstone ; at all 
events^ alternating with the sandstone that immediately overlies the old 
red sandstone. I think, therefore, you will find these papers very 
instructive as regards the geological position of these coals. We have 
not had many papers on the formation of other coal-fields ; but we have 
one paper on the coal-fields of East Somersetshire by Mr. Greenwell, 
and one upon the coal-fields of North Somersetshire by Mr. Cossham* 
We have also had an account by Mr. Longridge of the coal-field in the 
Black Sea, which contributed, to a great extent, the supply of coal 
for the Crimean war. Still, looking to what has been done, it must be 
confessed that there is a considerable blank, as regards the geology of the 
different coal-fields, and that much still remains for this Institute to 
do. We certainly require a great deal more information than we yet 
have in respect to the coal-fields of different districts, for the purpose 
of comparison ; and papers upon that subject, written with that view, 
will be extremely welcome to the Institute, and, I presume, very 
valuable to persons engaged in the management of mines generally. We 
have had one speculative paper upon the relative ages of the coal forma- 
tions by Mr. Reid, and that paper you will find both very curious and 
instructive. It is, however, a difficult subject in these days to go into 
the question of the age of any formation^ and more especially into that 
of coal, which seems to be distributed so very widely throughout the 
whole world. Then, gentlemen, we have papers on the probable duration 
of the coaly which are very important in their commercial character. I 
need scarcely mention to you the effect which the statements regarding 
the duration of coal have very recently had, upon the consideration by 
Parliament of the coal duties, and the question of the export of coalirom 
this to foreign countries. On that occasion you will no doubt have 
remarked that there were very wide fluctuations in the diffi rent estimates 
made by different persons as to the probable duration of the coal-fields 
of England. Some gentlemen have put down that duration as extending 
from 1000 to 2000 or even to 3000 years. I do not know whether you 
would consider, that, supposing the existing coal-fields should endure for 
upwards of 2000 years, it is a matter of very great importance whether 
their duration extends much beyond that time, or to 1000 years more or 
less — (a laugh) — but the period during which the coal-fields of this 
country will continue to supply the demand is certainly estimated by some 



gentlemen as low as 1000 years— 'while by others it is estimated at more 
than double that period. The question, however, is one of great 
importance, and it is also one upon which no certain or definite results 
can, at present^ be stated with any degree of accuracy. Our experience 
has taught us that the deeper we penetrate the strata the more coal we 
find workable ; and it seems that coal has been discovered, and is now 
worked at depths which at one time it was never thought practicable 
to obtain it, even in Northumberland and Durham. In both of these 
counties it was thought 600 yards was a very great depth at one time to 
mine for coals, but in these counties, and in some of the Midland counties^ 
pits are sunk and coal worked much beyond that depth. If such be the 
&ct at the present time, and the science of mining operations being pro- 
gressive, it is impossible to prophesy what will be the result in time to 
come, inasmuch as we do not know what coal may exist below the 
present known seams. Altogether, therefore, this is a subject upon 
which gentlemen may well occupy their minds, and exercise a very great 
amoont of ingenuity, in speculating upon the probable yield of tliis im« 
portant mineral in the various parts of the country. We have also some 
papers upon the analyins of coal, but they have been chiefly confined to 
the coal in the Black Sea, for the purpose of comparing it with the coal 
of Durham. I think the question of analysis of coal is one of very con* 
siderable moment, and which deserves that the greatest attention should 
be paid to it, inasmuch as the distribution even of the chemical consti- 
tuents of the coal exercises a very considerable influence in determining 
its conmiercial value. I have had occasion myself to report upon coal 
forwarded to me from two beds, one of wliicli was considered to be the 
best gas coal in the district, and the other the best steam coal; one 
requiring that it should coke, and yield a large quantity of gas, the other 
that it should not coke at all, and yield no residue except wliite ashes ; 
and I was surprised to find that tlie constituent parts of bitumen, carbon, 
and other ingredients existing in the two specimens, were almost pre-r 
cisely the same. The simple variation in the distribution of these 
elements, in the two specimens constituting the whole diflerence between 
what constituted commercially gas coal, and what steam coal ; and there- 
fore really a consideration of tlie analysis of coal is of great importance, 
not only to the managers of the mines, but also to those who are engaged 
in the commercial application of the mineral. I now come to the consif 
deration of the papers on the ironstone meamreSy and of the strata cori" 
fieeted therewith. In the first place, I may say, that this question forced 
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itself upon the attention of the Institute principally from the opening 
out of the Cleveland beds of ironstone^ which has exercised such an 
important influence in the coal and iron trades of the county of Durham^ 
and generally in other districts of the kingdom. We have had a paper 
on the Cleveland Ironstone by Mr. Marley, and every one who has read 
that gentleman's paper must acknowledge that he has treated the subject 
in such a manner as almost to exhaust it. It seems to me that, as an 
Institute we have a very ostensible and important duty to perform in 
ascertaining practically the characteristics and mineralogical features, as 
well as the geological formation, of the different descriptions of ironstone ; 
and I am afrnid in contrasting what we have done with what we have left 
undone, the comparison is much against us. In entering upon the con- 
sideration of the whole question of ironstone measures, and even in 
passing over the ordinary clay ironstones, wliich, notwithstanding their 
extensive distribution in different localities of tlie country, ore yet well 
deserving investigation by the Institute, we have a very wide field of 
inquiry open to us : — We have in Scotland, as you are aware, the " Black- 
band," which is a very peculiar description of ironstone ; and we have, 
in different parts of the country, the "Hematic" iron ore, which is 
comparatively a modem discovery of ironstone, and which is stated, 
in some parts of the county of Cumberland, to be of the most extraor- 
dinary tliickness and yield ; the bed being from forty to fifty feet thick of 
unmixed ironstone, yielding from sixty to seventy per cent, of iron ; it 
has been discovered in South Wales as well as in Cumberland. Then there 
is a description of ironstone in the Cleveland district, which is "magnetic" 
in its character, and wliicli yields a much larger per centage of iron than 
the ordinary ironstone of that district. Then, again, we have an iron- 
stone which has been found in connection with veins of lead ore in the 
lead mine district of Durham, hundreds of tons of which were formerly 
thrown away as "rider" or refuse stone worked out of the old lead mines, 
but which, through the industry of Mr. Attwood, has been discovered to 
contuin iron of exceedingly good quality, making some of the best iron and 
steel in the county ; and there is likewise the ironsand formation. We 
have no account up to tlie present time of any of the several last-named 
ironstones in our " IVansactions." I hope that gentlemen connected 
with the different localities, and with those ironstones, will give us the 
benefit, on some future occasion, of their experience, and favour us with 
some account of these several ironstones, and of their relative value. As 
an Institute, it is the description of information which we ought to have. 
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and certainly it cannot be said that without it, we are in any respect com- 
plete as an Institute. (Hear.) I will now shortly allude to a paper by Mr. 
Bursty which excited a considerable degree of interest in our district, viz., 
a communication as to the deposition of the different beds of sandstone^ 
skale, and eaaly in one of the seams of coal in a certain locality in North- 
umberland. It is a paper containing various sections and plans, showing 
the different depositions of the various beds of stone, shale, and coal 
through very considerable depths of strata. I am sure that the study of 
this paper will be found to render considerable assistance in the study 
of a most intricate subject of investigation, viz. : — the relative ages and 
deposition of the various strata connected with the coal-beds and coal- 
fields generally, especially as in the details of tlie paper the remains 
of vegetable impressions, the types of the relative periods of these various 
deposits, and which are of great importance in the study of the formation 
of coal-beds in general, are there given. I am airaid I am dwelling rather 
too long upon the geological features of the coal and ironstone measures, and 
I wiU, therefore, now pass on to the operation of sinking for coal. Upon 
this subject we have a paper from Mr. Potter, wliicli gives us an account 
of sinking through, in the county of Durham, probably the largest body 
of water that has ever been met with in the experience of any miner. I 
believe I am correct in stating, that in the particular mine referred to 
there were no less than 9806 gallons of water per minute, lifted from a 
quicksand, at a depth of ninety fathoms, or 540 feet ; the horses power 
of the engines employed being 1584. This flood of water came 
out of a quicksand, about forty feet in tliickness, which had to be 
sunk through ; and the difficulty of sinking through a quicksand forty 
feet in thickness, with a feeder of water of 9300 gallons a minute, it 
must be confessed was no light matter. (Hear, hear.) However, what- 
ever the difficulty was, it was overcome by Mr. Potter, but not without 
great exertions and great scientific skill, and the colliery has for some 
years been in full working operation. I feel assured that the study of 
that paper will well repay the perusal by all practical miners. Then you 
have an account of sinking through the same strata, and about the same 
thickness of quicksand, by myself, at a colliery not more than a couple of 
miles from the locality sunk through by Mr. Potter, the quicksand 
extending no doubt from the one pit to the other. In this case it was 
sunk through without a separate pumping engine, the mode adopted being 
that of insulating, by metal tubbings eacli separate feeder of water, as 
they were successively met with, in each stratum of sand and limestone ; 
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8o tLat thoug-h an aggregate amount of upwards of 5000 gallons of wafer 
Was met with in sinking through the bed or beds of sand and limestone, 
so successfully was this accomplished, that we never had more than about 
500 gallons in a minute at one time to contend against, and which was 
lifted by the ordinary winding engine of the colliery. I cannot, of 
course, go into the details of the respective operations in an address 
like the present. I mention tlie cases to direct your attention to the two 
operations. In the one case the feeder was 9300 gallons a minute, the 
whole of which was encountered at one time, and had to be lifted, by 
ten engines and machines, from the sand; and in the other, whilst 
passing through the same quicksand, by detaching the feeders of water, 
and so having only 500 gallons to encounter at one time in passing 
through the quicksand, the engine power employed in the one case was 
upwards of 1584 horses power, whilst in the other it was only about 250 
horses power. These papers are well worthy die consideration of the 
members of the Institute, as showing the nature of the feeders of water 
which are met with in sinking through the magnesian limestone and sand, 
in the county of Durham, and the diiferent modes of sinking tlirough them. 
We are promised an account of another sinking in the same neighbourhood 
by Mr. Taylor, in which the operation of sinking through the limestone 
and sand was performed in a somewhat difterent manner, which will, I 
doubt not, be an equally interesting paper. I think these pai)ers will 
be found to be extremely interesting, as any facts brought forward with 
l-eferenco to the subject of sinking through quicksands and limestone 
at great depths, must be useful in other districts ; and are, therefore, in 
that respect well Avorth the consideration of the members of tlie Institute. 

• 

(Hear, hear.) The next i)aper to which I beg to allude is on the subject 
of cut tin ff coal by machinery. We have only had one paj>er on that 
subject. It seems to be a very difficult operation. I very well recollect 
Mr. Stephenson, in the early part of his life, being quite convinced 
that there would be no difficulty whatever in cutting coal by machinery. 
Mr. Stephenson, however, tried liis hand at it, and although j>erliaps no 
one Avas more capable of devising means for eftecting sucli an object, he 
was obliged to give it up, and the result has been that up to this time we 
have not been able to cut coal by machinery. The subject is a very im- 
portant one, and has been much considered, and no doubt will be fiirther 
considered by the membei's of the Institute. Then we come to a very 
important question, namely, the question of the best mode of fVor1tin{i coal ^ 
ftnd, as may be expected, the papers presented to us have been principally 
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with reference to the workmg of coal in the counties of Durham and 
Northumberland. You are aware that there has not been much expe* 
rience in the working of coal by long- wall in these two counties, and con- 
sequently we have had very few papers upon that subject. We have had, 
however, a paper from Mr. George Elliot on the subject of the working 
of one seam of coal above another ; and also a paper by Mr. Barkus on 
the same subject. With reference to the working of coal by the long- 
wall system, we have, as I have remarked, little or no information at all, 
and therefore I hope the information which we shall receive at the present 
meeting, will be such as to enable us to grapple with such an important 
desideratum. I am most happy to find by reference to the minutes of 
papers to be read, that there will be a paper contributed on this subject 
by a gentleman who is connected with the locality in which such a mode 
of working is extensively prosecuted, and who has great practical experience 
on the subject. I allude to my friend Mr. Woodhouse — (cheers) — I have 
no doubt that his paper will prove most interesting, and will give us that 
information which we more particularly require in the north of England ; 
and I hope, likewise, that the discussion, which in all probability will take 
place after the reading of this paper, will be such as to present us with 
the views of all those gentlemen who are practically acquainted with the 
subject, and who may happen to be present at this meeting. (Hear, hear.) 
The next class of subjects deserving of inquiry is that which relates to 
the peculiar state and escape of gas, in sitti, from the beds of coal at 
different depths from tlie surface. On that subject we have had four 
papers, the principal of which was contributed by the late Mr. Taylor. 
The papers on this subject are very interesting, and have elicited some 
very curious facts. The depths to which the coal has been worked 
in the northern districts, and which develope to its full extent the 
phenomena that accompany the evolution of gas, in situ, at different 
depths from the surface ; and the great quantities of gas yielded by that 
coal has, of course, presented many opportunities for the consideration 
of this subject. It is a very curious fact, as respects the northern coal- 
field, which is shaped like a basin, deep in the centre, and rising in 
almost every direction around that centre, that in the extreme depth of 
the basin there is comparatively no gas at all. I am working two 
collieries within a short distance of each other, and in point of fact, 
working into each other. One of them is from 240 to 200 fathoms deep, 
and the other about half the depth, say 1*20. It is a very curious fact, 
that in the deepest of these two collieries there is very httlc gas in the 
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deep workings ; whilst in the other^ which is not half so deep, there is 
a large quantity of gas, probably the greatest quantity which exists in 
any colliery in the district. I can only account for it on the supposition 
that in the extreme deep part of the basin or workings, as the lighter 
carburetted hydrogen gas oozes out of the fissures of the coal, it is 
replaced by the heavier carbonic acid gas, and that such light carbu- 
retted hydrogen gas then ascends towards the more elevated parts of 
the mine, and being there unable, from the nature of the strata, to 
find its way to the surface, is found in excess. We have, therefore, a 
zone, as it were, at or around the bottom of the basin of the mine, 
comparatively free from the existence of light carburetted hydrogen 
gas, and a zone where such gas, not being able to. find its way to 
the surface, is in excess; and that these are almost always followed 
by another zone where the gas does find its way to the surface, and 
which is consequently comparatively free from inflammable gas, the 
quantity depending upon the facility with which such gas can find its 
way to the surface. Whether that be a correct explanation or not, the 
subject is a very interesting one, and it is hoped that when the attention 
of the members of this Institute is thoroughly directed to it, we may 
have more facts brought before us ; which, derived from different localities, 
may frilly elucidate the subject, and direct us in our operations of dealing 
with this extremely subtle and dangerous gas. Then, following up the 
routine of papers, we have, the consideration of the question of the proper 
situation oj tlie upcast and the downcast shafts ; whether it is best for the 
ventilation of the mine, and for other purposes, that the upcast shaft 
shall be at the rise, or at the dip, of the coal-field to be worked ? On that 
subject we have a paper by Mr. Longridge, and we have some observations 
upon the same point, in an able paper contributed by Mr. Atkinson, with 
reference to that subject and to the evolution of gas generally. It is a 
very important subject, and has occupied the attention of gentlemen 
connected ^4th different districts for a very long time. Still we want 
more facts upon this intricate subject, before we shall be able to arrive at 
any satisfactory conclusion upon so important a question, and I hope, 
therefore, that one result of the present meeting will be to elicit the pro- 
duction of such facts ; or, at all events, by directing the attention of 
scientific gentlemen more particularly to tlie subject than has hitherto 
been done, we may, at the future meetings of the Institute, obtain such 
information, so valuable to all practical miners, that may set tlie ques- 
tion at rest. (Hear, hear, hear.) Witli reference to the very impor* 
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tant subject of the description of power Jor producing mine ventilation^ 
we have papers by Mr. Lonpidge upon the relative ailvantnpres of the 
steam-jet and furnace as mechanical powers of producin*^ ventilation. 
With reference to the steam-jet and the fiirnace, the latter beinjr the 
general mode of producing ventilation in the Durham and Northumberland 
coal district, we have several papers by myself and others ; and Mr. 
Atkinson, one of Her Majesty's Inspectors of Coal Mines for Durham, 
has given us, from time to time, some extremely important information 
upon the theory of ventilation generally. But upon the production of 
vmiilatinff power, other than by the furnace or steam-j^t, and by means 
of machinery we have only had one paper. Neither do I think that we 
have anything like exhausted the question as to the liest description of 
fiirnace power for die purpose of ventilating- mines. We have only 
recently had our attention called to this point more jiarticularly by a 
paper from Mr. Daglish. There is very considerable variation in the 
mode of building furnaces at the different collieries, and there is still, I 
think, much information required as to the best mode of creatinpr venti- 
lating power by furnaces. I hope, therefore, that as the sulyect generally 
has now been brought prominently before you, you will be able to collect 
ffuch information upon the subject, as may enahlo you to arrive at 
such a conclusion as will lead to the adoption of the best and most 
efficacious system of ventilation — a conclusion Avliich is of paramount 
importance, not only to the colliery owner, but to the men who are 
engage<l in the actual operations of mining. We must endeavour, 
therefore, to collect, and reduce into a system, all the information 
we can obtain with reference to the description of m<*chanical power 
most efficient in producing ventilation. We are promised a jjjiper by 
Mr. Blackwell upon that subject at the present meeting, and I trust 
that we may be favoured with the presence of that gentleman at this 
meeting, and tliat he will give us the result of his experience on this 
interesting and important subject. (Hear, hear.) I need not point out 
to you, who are men of practical experience, how very desirable it is that 
in such an Institute as this, we should have every subject connected with 
the working and ventilation of mines, as fully discussed and developed as 
possible^ and certainly the production of ai>ower for ventilation, whether 
mechanical or otherwise, is all-important. We know that in some dis- 
tricts of Soutli Wales, and in the Midland districts, mechanical j)ower 
for purposes of ventilation is used very successfully. We must admit 
the deficiency under which we labour in the North of England, in consc- 
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quence of want of practical information upon the subject ; and, therefore, 
I hope that we shall have papers upon tlie subject from gpentlemen who have 
acquired practical experience in the matter. (Cheers.) Then we come to 
the g-eneral subject of the ventilation qfmineSj and upon that subject we 
have in the papers already printed some very important information. 
Altogether, I think we have about a dozen papers on the ventilation 
of mines. We have had one, which I mentioned a few minutes ago, on 
the theory of ventilation, by Mr. Atkinson ; and we have had some 
others by that gentleman, and by our late lamented Vice-President, Mr. 
Thomas J. Taylor; and I am convinced that every one who has read 
these papers will admit that they exhibit extreme diligence and industry 
in the collection of facts, and great scientific skill in their practical appli- 
cation to the purposes of ventilation. It is not only the theory of ven- 
tilation, but the practical application of those theoretical disquisitions 
which render these papers so valuable, and which the practical experience 
of these gentlemen enabled them so fully and clearly to explain. I must 
say that, in my opinion, there is such a mass of information already 
collected upon this subject, in the existing volumes of the Institute, that 
will go far towards laying the foundation of a system of ventilation in 
coal mines, as near approaching perfection as anything connected with 
such a subject can attain. I may take the liberty of mentioning to you 
two cases, which show the extreme importance of arriving at some definite 
and settled conclusion as to the theory of ventilation. Recently, as you 
are aware, there have been two very serious and lamentable accidents in 
this country — one at Iletton, in the county of Durham ; and the other at 
Hisca, in South Wales. A great deal of attention has been paid at Iletton 
Colliery to the ventilating power of furnaces, and Risca Colliery is venti- 
lated by one of Mr. Struve's machines. At Iletton, the distribution of 
air around the Avorkings of that colliery, which are most extensive, is 
accomplished by a water gauge of only an inch and a half; and it is found 
that a water gauge of that amount is a very adequate power, and amply 
sufficient. We get by it from ?00,000 to 300,000 cubic feet of air per 
minute distributed through a mine with several miles of air pas- 
sages. At Risca Colliery, according to the evidence at the inquest, 
they had a ventilating power to the extent of four and a half 
inches water gauge, and the quantity of air distributed through the 
mine by tlie operation of that gauge Avas only about 60,000 cubic 
feet of air per minute. Now, seeing the difference which existed between 
the power exhibited by the two gauges, one is apt to imagine that there 
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is Something wrong in practice, with respect to one or the otlier of them ; 
and as the subject of ventilation is so very important, I think it oug-ht 
to be very closely investignted^ which is wrong, and which is right, in 
practice. I do not mean to say that .the mechanical power which 
was used at Risca, of creating ventilating power, was an improjwr mode, 
or that it was even deficient in power ; it seemed to do a vast deal of 
duty; but it is perfectly clear that it leaves the question open, as to 
whether a water gauge of four inches and a half, or one of one inch 
and a half, is the correct one to adopt, or to use as the practical ventilating 
system of a colliery. I think, therefore, we still either want more 
information^ or a more decided understanding, founded on what is already 
known, on the subject of the production and distribution of air in coal 
mines for the purposes of ventilation, and, consequently, as fo that 
mode which will produce the best practical result. I believe that 
we are nniversally of opinion that the only safe mode of dealing 
with inflammable g^, is by means of dilution by ventilation, so 
e to prevent its accumulating in any particular portion of the mine 
to the inflammable point; and if that is so, it is extremely desirable, 
that we should be all of the same opinion, as to the best means 
of producing the requisite ventilating power, and likewise the best mode 
of dbtribution, or that mode which tends to disseminate the air through- 
ont every portion of the mine in the best and most efficacious manner. I 
believe you will find the whole theory and practice of ventilation gone 
minutely into in the papers to which I have alluded ; and I think the 
subject well worthy of your consideration and investigation. As profes- 
sional men, dealing with the evolution of gas in coal mines, and endea- 
vouring to produce results which will have the effect of controlling that 
gas, and averting those calamitous accidents which yet too frequently 
occur, it is incumbent upon us to pursue this subject, up to a point at 
which we shall arrive at some sound conclusion, as to the best and most 
efficient mode of accomplishing these objects. I do, therefore, hope that 
gentlemen connected with practical mining operations, will carefully note 
and record all the circumstances which attend the evolution of gas, and the 
mode of dealing with it, in their different districts; and that we shall 
have additional papers presented to the Institute, upon the different 
systems of ventilation, and more especially upon that branch of it which 
has reference to the ventilating power which is produced by machinery, and 
likewise the different modes in use in the distribution of the air. (Hear, 
hear.) Then we come to the subject of cageSj which is a very important 
ToIm Zw-*fixaMii«QBAM Mketino, Jult, 1861. c 
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one ; and, being* so^ it is rather snTprising, that upon that question we 
have only had one paper, and this is the more extniordinary, as, I believe, 
almost every colliery lias a different description of ca<^; and I do 
not know that we have come to any satisfactory conclusion, as yet, 
as to the best description of cn^e to be used in coal mines. 
I think upon tliat point you will have a paper read to you to-day by 
Mr. Aytoun, and you will have an opportunity of discussing the question 
when it comes before you, afler the reading of that paper. There is 
another subject to which I am desirous of directing tlie attention of the 
members of the Institute, and tliat is with reference to the different 
kinds of scLfety-lamps which are used in the various districts. No 
one can doubt, considering how much the successful working of a 
coal mine depends upon its freedom from accidents, and particularly 
from accidents caused by the explosion of gas, that diis is a sub- 
ject of extreme importance. Wo have had a variety of good safety- 
lamps, but I do not know that wo have as yet had what may be 
termed a perfect safety-lamp. In the early period of my life, many years 
ago^ and at the first introduction of safety-lamps, I gtive this subject 
great attention ; and I also had groat cxi)erience in dealing with gas 
previously to the introduction of safety-lamps. Any remarks, however, 
as to the mode of dealing with gas previously to the introduction of safety- 
lamps, in the present age, must necessarily be out of date, and could not 
convey much instruction to the present meeting. But at the commencement 
of the system of working mines by means of the safety-lamp, Mr. Stephen- 
son and I made a very minute investigation, and made innumerable 
experiments, into the nature and properties of the explosive gas in mines, 
and on the principle and comparative safety of different lamps. 
Numerous experiments have since been made by other gentlemen. 
The whole of these exiwriments and investigations seem, however, to 
have result<»d in the adoption of two descriptions of safety-lamps, 
namely, those invented by Mr. Stephenson, and those by Sir Humphrey 
Davy (with the modifications by Dr. Chinny and others). They are 
somewhat different in the mode of construction, but the principle 
of safety is the same in nil of them; namely, that the explosive gas 
in mines does not pass, whilst in a state of ignition, through npertures 
below a certain size. In the counties of Northumberland and Durham, 
the Stephenson, the Davj-, and the Clanny lamps are generally used ; 
and I believe that, in almost every case, they are considered to be 
equally safe. I have myself always considered (but that may be the 
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nsnlt of early associations) that the Stephenson safety-lamp is superior 
to the DavYy or Clanny. I have always considered, that the ^lass sliade 
which covers the wire gauze in tlie Stei)henson ini])roved lump, and 
which, though it does not enter into the principle of i^afety (the 
safety depending upon the apertures of the wire gauze), acts as a 
protection to the gauze, and prevents it from getting smoky or 
injured; and I likewise consider, that the glass shade restricting the 
admission of air into the interior of the lamp, and thus diminishing the 
intensity of combustion, and preventing the wire from becoming red hot, 
as in the case of the Dav}'-lamp, is an additional security ; and where 
there is a strong current of air, the Stephensf)n-lamp is also preferable, 
as the flame cannot be made to pass the a]»erturos of the gauze. 
In the Clanny-lamp, the safety depends upon the glass remaining perfect ; 
whereas in the Steplienson-lamp, if the glass is broken, the wire gauze 
around it becomes the principle of safety, as in the Davy -lamp — it 
becoming tlien, in fact, a Dav}'-lamp. However, I do not mention 
these comi>arisons to throw doubt or discredit in any degree upon the 
safety of the Davy or Clanny lamps; because, as I have already stated, 
the safety of these particular descriptions of lamps is w(;ll established. 
(Hear, hear.) You will find, in the "Transactions'' of the Institute, 
a record of a g^eat many experiments Avhich have been made from 
time to time, in order to prove the safety of lamps of every descrip- 
tion. The results of these experiments go to show, that a well made 
gauze lamp is quite safe in all ordinary cases. If you refer to the 
experiments which I have made upon this subject, and which are 
given in the proceeding's of the Institute, (and I mention this because 
I have recently seen, in some of the scientific journals, a discussion in 
which the safety of the lamps is questioned), you w^ill see that, 
when tlie gauze becomes red hot by the ignition of the gJis within it, and 
when in that state it is subjected to a strong current of air, the flame of 
the lamp is apt to pass through the gauze ; but this is in extraordinary 
cases, and cases which can scarcely, if ever, exist in a mine, namely, a strong 
current of air in an explosive atmosphere. This is, however, a portion of 
the subject which I think requires further investigation, and which I hope 
it will receive at the hands of the mem])ers of the Institute. Then Ave have 
had some papers on the Accidmt at Lundh'dl Colliery y and also on the 
Explosion at Burradon Colliery, I think, if all the facts Avhich attended 
these great explosions were collected together, and subjected to investiga- 
tion, they would be extremely useful in preventing such accidents in future. 
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(Hear, hear.) I have no doubt tliat, if we pursue this subject more than 
we have hitherto done, some beneficial results will follow from our 
investdgfations. Then Ave come to the question of the conveyance of coals 
undergrowid. That is a most important subject, in a commercial point 
of view, and it is one Avhich, I think, has hardly received that attention 
from mining" engineers which it most certainly deserves. I am glad to 
find tliat we shall have a paper read upon ttiat subject at the pre- 
sent meeting, which will bring it fully before the members of the 
Institute, when, I have no doubt whatever, it will be properly dis- 
cussed. You will find, in the proceedings of the Institute, two papers 
by myself upon tliis subject, which, I believe, are the only papers 
we have had at present; and I hope you will find them useful, and 
tliat they will aid you in the consideration of this most important question. 
I have come to the conclusion that (with a few exceptional cases) there is 
no occasion t-o have a single horse underground; and I have pointed 
out the way in which the underground conveyance of coals may be 
effected without tlie use of horse power. I know that there are 
])its in the North of England, where there are no horses employed 
at all, and as the question involves the economy of working the 
mine, and is so important in a commercial point of view, it ought to 
be attentively considered by every professional man. I am very 
glad that upon the present occasion we shall have it brought regularly 
before us, by a paper devoted to this special purpose. (Hear, 
hear.) There are some pa|)ers upon wire ropes and upon subjects 
connected Avith them, and we also have papers upon boiler explosions. 
One of these explosions, as you are aware, occurred recently at 
the Iletton Colliery. It was a most extraordinary explosion^ and cer- 
tainly involves questions which go a great deal further than what arises 
out of a simple boiler explosion. This was the case of an explo- 
sion in the flue, and not of the boiler itself, of an engine underground. 
The engine and boiler had been in use, and indeed in actual working 
tJiirty-four years. There had been no variation of the circumstances in 
reference to the boiler, the mode in which it was set, tlie arrangement of 
the flues — there was no variation whatever in the fireplace, flues, boiler, 
or machinery ; it was at the time of the explosion in precisely die same 
state as Avhen it was erected thirty-four years ago, and as it had been in 
use day after day during that period. All that time the engine worked 
without the sliprhtef?t interruption, and then an explosion of gas in the flues 
takes plncp, wiiich might, in all human probability, have taken place oa 
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anj day during the thirty-four years. This clearly shows that the explosion 
arose firom peculiar circumstances, which might have occurred, or which 
may occur, at any time with any boilers under similar circumstances, and 
there are many such underground at the present time. It is supposed 
that there had been a production of gas, from the coal thrown upon 
the fire to damp it, similar to that which is produced in a retort at 
a gas work, and that that gas had accumulated, to a certain extent, 
in the flues, and that it had, in some manner or other, been set on 
fire or exploded; but in what manner this had occurred was quite 
a mystery, as there was no fire except the boiler fire, and the air 
passing through the fire doors and damper passed into the flue where 
the explosion took place, direct from the downcast shaft. There could 
not have been more than 3000 cubic feet of gas in the flue, supposing 
it to have been entirely filled with gas, and such was the force of the 
explosion that it blew up a crossing at a distance of one and a quarter 
mile firom the seat of the explosion, and some men were killed at 
a distance of six hundred yards, by the simple concussion of the 
explosion. The whole question was fully gone into at the Coroner's 
inquest, but it presents a very serious aspect in this respect, that if the 
conveyance of coal underground, depends upon the boilers of the engines 
being placed down the pit, and if the flues of these boilers which are put 
down the pit are liable, upon certain conditions, to an explosion at any 
time ; it becomes a serious matter for consideration, as to whether you 
should get the steam from boilers placed down the pit, or that the boilers 
should be placed on the surface, and the steam conveyed down the 
pit, and, consequently, not subjected to the danger of explosions of 
this nature. You will find, by reference to the "Transactions" of the 
Institute, that the question of the conveyance of coal underground has 
been fully discussed, and that there have been a great many experiments 
made as to the comparative merits of placing boilers underground, and of 
placing them aboveground. The accident at Hetton cost fully £10,000, 
besides attendant expenses, and, therefore, it is extremely desirable 
that the question, as to whether it would be best to have the boilers 
at bank and to take the steam down the shaft, or to have the 
boiler underground, should be fully investigated. We have also 
had some papers with reference to the best mode of freeing the 
mine from water, a subject which, for some time, has attracted the 
attention of the Institute. And then we come to the subject of barriers 
in mines, that is, as to the practical utility of leaving barriers of coal 
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between each colliery^ to insulate one from the other; and whether, 
in fact, such barriers are practically operative in preventing- the water 
from flowing" from one colliery to the other. The ikct is, that in 
Northumberland and Durham there is an area of several thousand acres 
of underground workings, in which the coal has been worked, and although 
it had been the practice to leave what was supposed to be adequate 
barriers between each colliery, the practical result has been, tliat from 
Shields to Newcastle, a distance of ten miles, and for a space of some 
five or six miles in width, these barriers have been found to be of no prac- 
tical utility, and that the water of the diflerent collieries has found its 
wav from one to the other, and has formed a vast lake of that extent. 
If, tlierefore, it is found in practice, that the s}'^tem of leaving barriers 
between collieries is ineffective, observe what an immense loss of coal is 
occasioned thereby. This certainly is a question which, especially as 
regards the north of England, may most usefully and beneficially occupy 
the attention of the Institute. I think the only other matter to which 
it is necessaiy for me to direct yomr attention, is a paper which has 
been brought before the Institute by Mr. Deanland, and refers to the 
mode of taking more accurate surveys of collieries underground^ and I 
mention it more particularly on account of it*? novelty. You know that 
the system upon which the underground surveys are made at present is 
by the magnetic needle, which can never bo much depended upon, i)rin- 
cipally from the great number of tramroads underground ; and yet, at 
the same time, it is of very great importance that accurate surveys should 
be made. Mr. Beanland's plan is to obtain a l)ase line from the transit 
of a star across the mouth of the pit, and then Avork out the survey 
underground from that line by the theodolite ; applying, of com-se, a 
similar base line to the survey of the boundary on the suribce. I 
mention it incidentally as a novel mode of surveying underground 
workings, and I know that some surveys which have been made in 
that manner have been remarkably accurnte. I cannot close my remarks 
on this occasion without expressing the deep regret which Ave, in common 
with all classes of society, and particularly the nirmbers of the Institute, 
have felt from the removal by death of three of our VicoPresidents, within 
a very short i)eriod of each other — Mr. 11. Stephenson, Mr. Locke, and 
Mr. Taylor. Two of these lamented gentlemen were members from 
the earliest formation of the Institute; and although Mr. Locke .was 
not so early a member, he was of gi'oat assistance to us on all occasions, 
especially in Parliament. It is fitting, then, that we should place upon 
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onr minutes the expression of our deep regret at the loss of such eminent 
men, as a tribute of respect to their memory, on this the first district 
meeting after that sad event Gentlemen, I have now, although very 
ineffectively, I fear, given you an outline of the objects of the Institute 
when first formed, and what has been done since its formation. I hope 
we have fulfilled our mission. (Cheers.) We have perfonned, to the 
best of our ability, that which we set out for ourselves to accomplish ; 
and if we have not done all that we ought to have done, it has arisen 
from want of abiUty, or want of time, and not from want of intention 
or exertion on our parts. (Hear, hear.) I have stated to you what has 
been done up to this meeting, and, in a general way, what yet requires 
to be done ; and I hope it will have tlio effect of stirring us up to make 
still greater exertions, in order to clear up points upon which doubts and 
differences of opinion still exist. (Cheers.) I am rejoiced to see so largo 
a meeting in this room on thLs occasion. (Cheers.) It shows the interest 
which the mining community, and the trade generally, take in the Insti- 
tute, and I do anticipate tliat the most beneficial residts will flow from 
such a meeting. We are greatly indebted to the gentlemen of Birming- 
ham for their kindness in affording us the accommodation which we have 
obtained; and I can only say that we feel deeply grateful to them, 
likewise, for the very friendly manner in which they have received us, 
on this our first visit, which I most sincerely hope and trust will be 
beneficial to us all. I will now, gentlemen, detain you no longer, but 
beg to call on Mr. Bailey to read tlic first paper. (The President resumed 
his seat amidst the cheers of the meeting.) 
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COAL AND IRONSTONE MINES OP SOUTH STAFFORDSHIRE. 



By SAMUEL BAILEY, Walsall. 



Thb present state of the coal and iron trade is a cause of much anxiety 
to every coal and iron master in every district throughout the United 
Kingdom. Every person who is in any way connected with this branch 
of trade is complaining of so little being done — no orders — or if any 
orders, at little or no profit being realized upon articles manufactured or 
materials raised. Every newspnper gives a deplorable account of trade 
in general, and if any one district be more referred to than another, it is 
South Staffordshire, which was once the light and life of the iron trade ; 
and we frequently hear it said, that South Staffordshire has had its day : 
it cannot again comj)ete with other districts where coal and ironstone are 
in greater abundance, and are being raised cheaper. Not tliat it is said 
that the coal and ironstone of South Staffordshire are inferior, or that the 
iron produced is inferior to that manu&ctured in other districts, but the 
reverse ; the quality cannot be surpassed. No, the complaint universally 
made is, that the coal and ironstone are too cxj)ensive and cost too much 
in getting ; that the charters are too much, the royalty is too high, the 
dead charges are too great per ton on the small quantity raised, and 
that nearly two tons ought to be raised for the sum which one ton now 
costs. 

And a reduction to something like this extent in the cost of raising 
Vol. X. — BiRMiNQHAH Meeting, July, 1861. n 
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these minerals must be made^ otherwise most of the large and extensive 
works which have been established in this country^ at such a great out- 
lay^ and some of which have been arranged upon the most improved 
principle, must come to a stand. 

Indeed we hear, from a statement made by Mr. S. H. Blackwell, of 
Dudley, a high authority; and published in the Midland Counties Herald 
of June last : — 

'' That there are upwards of twenty mills and forges now standing 
in South Staffordshire, which in all probability will never again go to 
work, and that the suspension of these works has not arisen in every case 
from want of capital or reckless trading, but from the utter inability of 
obtaining cheap supplies of minerals. 

'' That in some very important cases royalties on ironstone in South 
Stafibrdshire are higher than the entire cost of iron ore in other districts, 
and that the rate of wages is much higher also. 

'' That these circumstances are acting powerfully against this district, 
and the men are leaving it for places where they can obtain regular work, 
even at lower rates, and that certain branches of the manufacture hitherto 
almost entirely confined to South Staffordshire, are being taken to dis- 
tricts where the cost of carriage is 15s. to l?s. 6d. in favour of the 
makers, and this in cases of finished iron, which the South Staffordshire 
ironmasters have hitherto refused to believe could be made elsewhere.^ 

Mr. Dlackwell continues, in reference to the prospects of the iron trade 
in this locality : — 

'^ I should regret if, from the remarks I have made, it should be in- 
ferred that I regard the continuance of the trade in this district as 
impossible. If all parties interested in it would accept the change of 
circumstances. South Staffordshire may for a long time yet be an impor- 
tant iron-making district. 

" Its great local trade, its central position, its power of bringing sup- 
plies of ores and pigs from other points, and the superior quality of its 
marked brands, place this quite within its reach ; but to insure this, all 
parties must accept the change of circumstances. 

" Landlords must not expect 2s. 6d. per ton royalty on ironstone, which 
costs from 88. to 10s. per ton more to raise. Ironmasters generally, in- 
stead of ignoring the advantages of other districts, must wisely avail 
themselves of these advantages for tlieir own assistance, and diey cer- 
tainly must not blind themselves to the progress which the manufiEUJture 
of iron has made during the last twenty-five years. 
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'' On these conditions, South Staffordshire may still, for years to come, 
remain an important iron-making district, although it may never again 
obtain the prominent position which it once had." 

Here, then, is a statement of facts, in plain English, which cannot be 
disputed, and which tells us that we are not able, in our present state, to 
compete with other districts, or even exist as an iron-making com- 

It is time, therefore, for us to consider what steps can be taken, and 
measures adopted, to reinstate ourselves in the position we ought to occupy 
in the trade. 

So &r as minerals are concerned, the only drawback we have, in com- 
parison with other districts, is in the supply of the article of ironstone, 
and the cost of getting it. Coal we have in abimdance, and of a quality 
suitable above all others for making iron. 

That golden measure, the ^^ thick coal,'' is not yet exhausted, as we 
learn from a very interesting and valuable paper read before the Institute 
of Mechanical Engineers, in August last, by Mr. Wm. Matthews. But 
in the matter of our ironstone, while we have no complaint to make as 
to its quality, it is well known that in point of produce it is much below 
that of ironstone measures elsewhere, and consequently the cost of raising 
it must be considerably greater. 

The question, then, as it appears to me, which it becomes us to con- 
sider is, the practicability of reducing the present cost of raising our 
coal and ironstone. 

The ironworks, mills, and forges are undergoing improvements every 
day } endeavours are being made to economise &el and labour ; still all 
these improvements do not make the difference required, the cost of 
obtaining minerals being too great. The coal and ironmasters say, ^' We 
cannot raise coal and ironstone cheaper than we are doing ; we have 
done all in our power; we have reduced the colliers' wages and other 
expenses as low as possible." Now, this is true, the masters cannot do 
more; it is not, therefore, with them the matter rests; the parties with 
whom the duty rests of reducing the cost of getting coal and ironstone 
in South Staffordshire are the mine agents; it is for them to bestir 
themselves, to lay aside the old methods of their forefathers, to improve 
and re-arrange their pits, workings, and machinery, and economise the 
labour of men and horses, aboveground, and more especially underground ; 
and with this general reduction of labour, must at the same time be com- 
bined a large increase in the quantity raised, so as to reduce the current 
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expenses upon the quantity so raised. Thus shall we be able not only to 
sell coal in this district^ cheaper than it is now being delivered here from 
other distant districts^ but at such a cost as will enable us to c(Hnpete 
with such districts in odier markets. 

To effect this change^ it is of the utmost importance that meetings 
should be established, for the purpose of discussing the merits of different 
methods and plans which must be employed for the purpose of carrying 
out the object in view. Such meetings would result in great benefit to 
proprietors, workmen, and agents alike, and I cannot but think that the 
establishment of them would receive the support of the principal coal 
and iron masters of South Staffordshire. 

To return, however, to the subject of my paper, from which, I trust, 
I have not altogether digressed. One of the points most demanding our 
attention, with a view to the reduction of the cost of raising coal and 
ironstone in this district, is the underground conveyance from the face of 
work to the pit shaft. By our present imperfect and expensive mode of 
conveyance, we are in many instances prevented working our pits so 
extensively as we otherwise should. 

By the time the face of work is two or three hundred yards from 
the shaft, the expenses of conveyance are so great upon the ton raised, 
that it actually becomes cheaper to make a new plant, and sink new 
shafts, even when the old plant is best situated for the transmission of 
the minerals to the works, canal, or railway ; by which additional plants 
more surface land is destroyed, and new tramways are required to be 
laid down. 

It is often said that coal can bo delivered 6d. per ton cheaper above- 
ground than below in this district, which is indeed a fact, under present 
circumstances. Besides, we are prevented having more extensive pits, 
in many cases where the roof is tender, and it is therefore necessary to 
work the measures quickly ; the face of work is limited to one or two 
hundred yards in length, whereas, by an improved mode of conveyance, 
measures with tender roofs may be worked more extensively, because 
more quickly, and so to much greater advantage. 

The present mode of conveyance underground in this district is much 
the same as it has been during the last two or three generations, with 
the exception of the introduction, during the last twenty years, of wheel 
skips working u{>on tram-rails, instead of the old ^^slipe" or '' sledge'' 
skip, which is even now used in some instances. 

This latter method is still so much adhered to by somo of the old colliers, 
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that I WBs asked some time ago to allow the wheel skips and rails to be 
taken out^ and the old slipe skip again introduced. 

But however well these methods have served their purpose in times 
pasty the day is now come when they no longer meet our requirements. 

When the South Staffordshire iron trade could afford to give 10s. or 
12b. per ton for coal, and 20s. and 24s. per ton for ironstone, there was 
not the necessity felt as now for such improvements in working our 
minersls, seeing that great profits were realized with which proprietors 
were satisfied. But now, in consequence of railway communication, when 
we have all the world to compete with, and when coal is delivered in this 
district firom north, east, south, and west, and at nearly the same prices 
we are paying for getting, it is indeed time for us to bestir ourselves, it 
we are to exist and compete with other districts ; and we must not only 
be able and prepared, as Ijefore stated, to raise minerals in this district 
cheaper than they are being delivered from other localities, but we must 
in some cases compete with them in other markets. To do this, there are 
several things demanding our attention, viz., our winding machinery to 
be improved, more extensive underground workings to be opened, skips, 
wagons, and tram-roads to be better constructed, so that instead of rais- 
ing* seven or ten skips an hour, thirty or forty may be drawn, and instead 
of sixty tons per day, 250 or 300 tons must be raised, for it is quantity 
also that must answer the purpose intended of reducing the cost j>er ton. 

We will suppose an area of fifty acres of coal to be worked, four feet 

six inches thick, producing in round numbers 200,000 tons. This, with 

the present usi^al mode of working, would require from first to last, two, 

three, or four plants, a quantity not exceetling 300 tons per week could 

be raised, and a period of thirteen years or thereabouts would be required 

to work it out. The cost of making these plants would be, say £5000, 

or 6d. per ton upon the whole quantity to be raised : additional charges 

in charter, royalty, and other expenses, would make the total cost of 

raising about Gs. per ton. So great must be the current expenses upon 

tlie small quantity raised, hence the lessee would be thirteen years before 

receiving back his outlay, and whatever return the measure might realize 

in the way of interest, profit, &c. If, however, instead of the present 

mode of working the seam, one good plant were made at once, even at a 

cost of £5000, if the pit were driven out more extensively, if the speed 

of the winding engine were increased, and instead of employing ten or 

fifteen horses and drivers to raise 300 or 400 tons per week, an engine 

were put down, which, with the assistance of five or six horses, would 
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raise 1000 or 1500 tons per week^ then the common charges^ instead of 
being Is. or Is. 6d. per ton^ would be reduced to 6d.y and even in some 
cases to Sd., and the seam of coal worked out in one-third of the usual 
period ; and by means of this increase in the quantity raised, not only 
would the current working expenses be reduced, but the lessees, though 
receiving perhaps a less profit per ton, would still be obtaining a larger 
income from the extra quantity raised within such a brief period ; and 
the lessor could afford to reduce his royalty, since ho would receive it on 
the whole area of the seam leased, in about one- third of the period he 
otherwise would. 

Seeing, then, that by the introduction of steam power into our pits for 
the purpose of underground conveyance, the cost of raising minerals 
would be so greatly reduced, while allowing a fair royalty to the lessor, 
as well as a fair return and profit to the lessee, it is evident that in this 
way and by these means the condition and prospects of the iron trade 
may be greatly improved, so hr, i.e., as a reduction in the price of mine- 
rals is necessary. In introducing this proposition to the meeting to-day, 
from a conviction that if generally adopted it would materially assist in 
preventing that total relapse in the coal and iron trade of this district 
with which (as Mr. Blackwell asserts) we are now threatened, I can truly 
say how much I wish it had fallen into other and abler hands to have 
brought it before your notice. 

My object in bringing it before this meeting is to elicit information, 
more especially from those gentlemen present who, from their great expe- 
rience, are doubtless ready to speak as to the importance and advantage 
of underground conveyance by steam power. 

This subject has been ably and largely treated witli reference to friction 
and other important questions, in a paper read by the President of this 
Institute, and which I would strongly recommend to the notice of those 
interested in this question. The paper is published in the ^^ Transactions" 
of 1854-5 of this Institute. 

To prove to the meeting the g^eat necessity of an improvement in this 
particular, so far as this district is concerned, I will make mention of 
three actual cases of the present excessive cost of underground con- 
veyance. 

Pit No. 1 is working in a seam of coal three feet three inches thick. 
Three roads are driven out, averaging about 400 yards each in length. 
Eight ponies and drivers are employed, the roads inclining against the 
load. Only one skip, containing about seven cwts. of coal, can be 
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brought out at one time ; and about forty tons per day is aU that can be 
raised. Thus^ working five days per week^ the cost of raising 200 tons 
would be — 

Eight ponies^ at 16s. per week - - - £6 
Eight drivers, five days each, at 2s. 6d. - - 5 
Wear and tear of horses, tackle, &c. - - 10 

£12 
being a little over Is. 2d. per ton. 

Pit No. 2 is working in a five-feet seam of coal. Four roads are used, 

averaging from 400 to 500 yards each. Sixteen horses and drivers are 

employed. The roads here also incline against the load, so that not 

more than one skip at a time can be brought out ; and about 600 tons 

per week are raised. Here the cost of underground conveyance is — 

Sixteen horses, at 18s. per week each - - £14 8 

Sixteen drivers, six days each, at 2s. 6d. per day, 12 

Wear and tear 2 



£28 8 
or nearly Is. per ton. 

Case No. 3 is a pit working in an ironstone measure. There are three 
roads, averaging 800 yards each. Nine ponies are employed, and the 
weekly quantity of ironstone raised is 85 tons, costing, in underground 
conveyance — 

Nine ponies, at 15s. per week each - - £6 15 
Nine drivers, at 2s. 6d. per day each, six days, 6 15 
Wear and tear ..... 100 



£14 10 
i.e., ds. 6d. per ton. 

In the latter two cases, the roads being '^ goaf" roads, and the length 
of them continually increasing as the face of work extends farther 
from the shaft, the expenses of conveyance are also on the increase ; and, 
indeed, these expenses have now become so heavy, that it is proposed to 
sink new shafts, as being more economical than making any farther 
advance on die present charter. But, now, if in each case an engine 
were put down, the cost of which would certainly fall below that of 
sinking the new shafts, and if the workings were duly extended, with 
the aid of half the number of ponies now employed, the quantity raised 
would be more than doubled, and the rate of underground conveyance, 
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The engine was placed down by the present lessees^ which, with the 
employment of three horses, can now convey firom 180 to 200 tons per 
day to the shaft, at a cost of Sd. per ton, being Od. per ton less than by 
the original mode of conveyance. 

I will here give a description of the engine fixed down this pit, which 
the accompanying drawings illustrate, and which show the possibilily of 
engines being fixed and used under very difficult circumstances, and that 
too without risk or continual expense. But before doing so, I would 
remark that the Heath Pits were sunk many years ago, and the coal 
worked from these shafts up to the point marked '^ goaf" on plan No. I., 
the coal beyond that point being then abandoned. The shafts were 
afterwards sunk lower, and the road from A to B crossing the measures 
mder the ''thick coal" workings was driven so as to recover the coal 
before abandoned. This road was continued in the seam to the boundary 
in the deep of the mine forming the road, of which a section is given, 
plan No. I. The engine and boiler are placed underground about 360 
yards firom the bottom of the shaft, which is over 300 yards in depth. 
The construction is what is called a self-contained engine, the whole of 
die machinery being placed upon bed-plates, rendering it capable of being 
readily removed from place to place, and taking up as little space as pos- 
sible, both of which are requisites in such application of power. Two 
cylinders are used, and likewise a fly-wheel, steadiness of action being 
extremely desirable in such cases, especially where wire ropes are used. 
Two rope drums are used, which are capable of being attached or de- 
tached in or out of gear, to run fireely round upon the carriages when 
the rope is dragged out from the engine, and to be attached when the 
power of the eng^e is applied to pull the skips up the incline. 

It is not necessary to give any detailed description of the machinery, 
ts this will be sufficiently understood from the plan. 

Drawing No. I. shows the plan and section of the roads. The bank 
head, at the top of the incline B, is 360 yards from the bottom of the 
shaft, and about seventy feet above it at A, the average inclination thus 
being about one in fifteen. The road from the bank head at B, to the bottom 
of the incline at G, is 400 yards, with an inclination of one in fifteen. 
The former part of the road originally was divided into two stages, worked 
by one horse to each stage ; and the latter into four equal stages, and 
three horses to each stage, bringing up one skip at a time. 

Plan No. II. shows, on a large scale, the arrangement, of wagon roads 
at the shaft on the left of the dotted line IH, and of the engine and 

YOL. X.~BIBMIN0HA1C MEXTIKO, JULT, 1861. X 



34 

boiler on the other side IH, which are placed at the bank-head B. Mach 
description here is not necessary. It will be seen that two horizontal 
sheaves or pulleys are fixed in a line as near as possible to face each road 
they have to work, difficulties rendering it impossible to arrange the 
drums otherwise. The drum on the right of the engine works the rope 
which passes round the pulley opposite, and works the incline or road to 
the shaft A, brakes down three skips at a time into the loaded wagon 
way, the rope being detached and hooked on to the empty wagons which 
are always ready on the empty wagon way, and the engine drags them 
up to the bank-head, and the rope is then unhooked from the empty ones 
and put to the loaded skips as before. The rope which works the back 
road is attached to the other drum on the left of the engine : this brakes 
down tlie empty skips to the different junctions shown upon plan No. I., 
and marked by the letters C, D, E, and F, to which places horses deliver 
tlie loaded skips. The engine drags three skips at a time from each 
station. 

It is an unusual thing for a steam engine and boiler to be placed 360 
yards from the bottom of a shaft in a solid block of coal of thirty feet in 
thickness. Great care is required in fixing an engine and boiler in such 
a position, in order to prevent the coal taking fire. Brickwork is neces- 
sary for this purpose, and also arranged in such a manner as to resist 
superincumbent pressure as well as pressure from every otlier direction. 
These two important points had to be well considered in the present case. 

It will be seen from plan No. II. that the engines are placed on one side 
of the main gate road, and the boiler on the other, the distance between 
the two being about 100 feet — tlie steam passing over the main road in 
pipes, and the exhaust steam being conveyed from the engine over the 
same road and along the side of the boiler into the smoke flue, and joining 
the return air at A. To insure a safe place for the boiler, the coal was 
taken out to allow of an arch of brickwork of eighteen feet diameter 
being put in, which is 14 inches thick, arched in every direction to resist 
the weight, as shown in the sections. Two feet thickness of sand is also 
put on all sides between the brickwork and the coal, not only for the pur- 
pose of preventing fire and a current of air passing through the brick- 
work, but also of causing the pressure to be equally distributed, and so 
to prevent any crack in the brickwork, which object has been fully attained 
in this instance. 

Cross section on the line C D, plan No. II., and the longitudinal section 
on the line A B, will sufficiently ex])lain this arched brick-work, both of 
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r Itoiler aod flae, iDto the return air-coursej as also the road out of tlie 
1 road to tliH boiler. The boiler seating' is tben (ized in the Inrg'e nrch, 
i-iilrtin'r only upon the bottom of Buch arch — a apace being left on each 
^Ade of the boiler for allowing a current of air to pass into the flue to 
np it cool. This arrangement has answered very satisfacturily, both 
itipporting the superiDcurabent weight, and preventing the 
LtRkin^ fire. The only instance of fire we have had was in the old 
id. ehon-n in the cross section, which was filled up with rubbish 
i of sand : sand, however, has now been substituted, and all is 

B cool. 

pCi is u sonrce of satisfaction to be enabled to aay, that wo have not had 
■t trouble or difficulty, either with the engine or boiler, during 
I vigil teen months they have been at work. 

r trust, however, that this description of the Heath Pit and engine 

I not divert the mind of the meeting from that particular point or 

ilnect which it has been ray aim t« bring forward. If what I have 

I be tJie menus of drawing the att«ntion of the practical men in this 

jjltrict to the importance, and, indeed, the necessity, of the introduction 

If steam power into our pits, and if, moreover, I can induce them prac- 

Jly to test tii'e soundness of my views and espertence in reference to 

B matter, I shall feel that I have not in vain intruded myself upon 

T notice to-day. 



DISCUSSIOxN 
MH BAILEY'S PAPER ON UNDERGROUND CONVEYANCE. 



The President — Gentlemen^ I shall be glad to hear any observations 
which any members of the Institute wish to make on Mr. Bailey's 
interesting communication. 

Mr. WooDHOUSS — I am quite sure that you will agree with me, that 
the paper which has just been read to us by Mr. Bailey, is one which 
contains matter of the greatest interest and importance to us alL (Hear, 
hear.) Although the conveniences for the drawing of coal underground 
mmy be known to gentlemen who have long ago adopted a mode in the 
north of England, perfectly simple, and which enables tliem to reduce, 
almost to a fractional calculation, the cost per ton per mile of the con- 
veyance of coal underground, yet we know that in South Staffordshire, 
where the mining district is small in extent and limited as to its produc- 
tion, underground conveyance by steam power is very rare indeed. I 
happen to know something of the collieries which have been referred to 
in the able paper which has been read to the meeting by Mr. Bailey, and 
I can bear him out fully in what he has said with reference to the im- 
mense improvement which has been effected in the conveyance of coal in 
the mine in question, by the application of the steam engine. I believe 
that I am correct in saying, that up to the time that Mr. Bailey assumed 
the control of these works, they employed no less than fourteen or fifteen 
horses in hauling the coal up an inclined plane at enormous trouble, 
flogging and whipping the horses all the way, and being obliged, when 
they were going down again, to use a chain for the purpose of preventing 
the wagons from overrunning the horses. We can all calculate what a 
saving there must have been by the substitution of steam for horse 
power, when fourteen or fifteen horses were obliged to be employed in 
the mine, because we know that the cost of that number of horses' per 
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week must be very considerable. My own impression is^ tbat the cost of 
each horse would represent something like £1000 of capital. I do not 
think you can find a horse, certainly you cannot keep him in the mine 
at a less cost than £1 per week. Now £1 per week represents the 
interest at £5 per cent, per annum of £1000, no matter, therefore, how 
limited your mines in South Staffordshire may be in extent, or how short 
may be the roads underground in this or other districts, it is of immense 
importance, in these days of competition, to employ as cheap a power as 
possible for the purpose of underground haulage. The cheapest power 
in some cases is that of a self-acting plane ; in other cases, haulage by 
means of a steam engine. And here I may say, that it does not matter 
how small the steam engine may be, because even where the distance up 
which the coal is to be hauled is only 100 yards, a steam engine may be 
used with advantage and a due regard to economy. It would be out of 
place for me to occupy your attention at any great length upon this sub- 
ject, and therefore I will simply say, that I can bear the highest testimony 
to the value of Mr. Bailey's suggestions, and I am certain that you will 
agree with me in thinking that he is entitled to the best thanks of this 
meeting for the very excellent paper which he has read. (Cheers.) 

The President — I should be happy if any other gentleman who has 
had experience of underground engines, and is acquainted with their cost 
of working as compared with the cost of horse power, would address the 
meeting ; for I am afraid that, as I have already troubled you to such an 
extent, any remarks of mine will be tedious. (No, no.) I can only say 
that I am extremely glad that we have had such a paper from Mr. Bailey. 
I have paid great attention, as you may perhaps be aware, to this subject, 
which I consider one of very great importance ; and I feel convinced that 
the suggestions which have been thrown out by Mr. Bailey will, if they 
are generally adopted, be attended with very advantageous effects. So 
far as my experience goes, I think that when there are three horses 
required to do any amount of underground conveyance, it is high time to 
consider whether a steam engine ought not to be employed; but, cer- 
tainly, wherever five horses are required, tliere ought to be no hesitation 
as to the propriety of substituting engine for horse power ; for tliere are 
very few places indeed where, if five horses are employed for haulage 
purposes underground, it would not be advantageous to use engine 
power. And here let mc say, that it is not such a formidable matter as 
most persons conceive, to put an engine underground. You can get 
engines suitable for this purpose at a cost of something like* £250 each, 
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or somewhere about the purchase of the horses. It is generally the 
simplest and best plan to put a self-contained double cylinder engine as 
near the bottom of the upcast pit as practicable, if the boilers are placed 
underground ; but if the steam is taken down the pit, then the engines 
may be placed immediately underneath the main wagon-road, the boilers 
being placed at bank; and if there are more roads than one, then 
additional rope rolls may be used, or apparatus at each of the branch 
roads, to attach and detach the ropes, as coals are to be brought out of 
the respective branch roads. It is very often the practice to remove 
these engines. That can be done at a week's end, if the stations are 
prepared, and the steam pipes ready to be attached to the engine ; and if 
you want to extend the engine plane, I believe you can do it in as short 
a space of time as from Friday to Saturday night. It is no disadvantage 
to branch off in different directions; and, in point of fact, in some 
cases, there are half a dozen different branches to various parts of the 
mine. I may go farther even than this, for, in one of my collieries, I 
have the engine used for drawing coals so arranged as to pump the 
water firom the deep workings by means of an endless rope — the distance 
being about 1100 yards, and the vertical lifl about twenty-five fathoms. 
We, therefore, use tlie same engine power for bringing the coals along 
the roads, and for pumping out the water from the deep workings. I 
am quite sure that, if general attention were more directed to this subject, 
ver}' great savings would be effected by the use of small engines, instead 
of horse power, in the underground conveyance of coals. (Hear, hear, 
and cheers.) In vols. III. and V. of the Institute, are given two papers by 
me on tlie subject, in which it is sliown that, if the main roads are pro- 
perly laid out, the entire conveyance underground may be accomplished 
by engine instead of horse power, and by self-acting planes from the rise 
workings. And I believe there are several collieries in the North of 
England, wh6re tlie coals are brought out to tlie bottom of the shafts 
without the use of horses at all — the sole motive power used being self- 
acting planes to the rise, and engine power along the level roads, and to 
the dip. 
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'HE KIVEES, POETS, AND HARBOUES 



or 



THE GBEAT NORTHERN COAL-FIELD, 

WITH A PLAN, 

THE FACILITIES OF TRANSIT POSSESSED BY NORTHERN C0AL0WNER8, AND THE 
BENEFITS THAT WILL ACCRUE FROM THE PROPOSED IHPROVEMENTS OF 

THE RIVER TYNE, 



By THOMAS YOUNG HALL, Newcastle-upon-Tyne. 



c object of the following paper is to show that the river T}iie, by its 
positioiiy its depth of water, and its general facilities for shipment to all 
parts of the world, is the natural outlet of the greater portion of the 
mineral produce of the Great Northern Coal-field, and a convenient sliip- 
ping place £ot the clay and ironstone districts of Cleveland. 

The Great Northern Coal-field extends irom the river Coquet to 

Hartlepool, and is about forty-eight miles long by about twenty-four 

miles broad on the average, its area being calculated at about 800 square 

miles, containing about 8200 millions of tons of workable seams of coal. 

. Six rivers, of greater or lesser magnitude, run through it in various places, 

^: which, with several sea-ports, afford facilities for the shipment of its 

\. produce. 

The Great Northern is by far the largest exporting coal-field in 
Great Britain. France, which takes from this country 1,364,8?2 tons 
of the mineral, derives the most of it, viz., 867,901 tons, from the Tyne 
^ and other ports on the north-east coast ; and America, 3000 miles dis- 
\ tant, and with extensive coal-beds of her own, imports 580,961 tons fi'om 
Great Britain, of which the Great Northern Coal-field supplies aljoiit 
SOO^OOO tons, the remainder being obtained from the west coast and 
Wales. 

TOL. X.— BlRMINOHAH MEETING, JULT, 1S61. F 
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The first of the rivers in this field, marked No. 1 on the plan, is at its 
northern extremity, and is called the Coquet. At the eastern end of this 
river is the harbour of Amble or Warkworth, a shipping* place of limited 
extent, and containing but small depth of water — seldom more than thirteen 
feet six inches at spring tides. A little farther southward, say about twelve 
miles, is the hitherto unimportant river Wansbeck, No. 2. About tliree 
miles farther is the important river and harbour of Bl}'th, No. 3. Then we 
come to the main artery of tlie field, the river Tyne, Fix miles south of the 
Blyth, and running into the sea at Tynemouth, No. 4. Six miles farther 
south is the next most important, in point of size and accommodation — 
the Wear, running into the sea at Sunderland, No. 5. And twenty miles 
iarther south, near what is called the soutliem limit of the field, we have 
the Tees, No. 8. Besides tliese, there are shipping places at Seaton 
Sluice, near Blyth, No. 3a ; Port Seaham, No. G ; and the two Hartlepools, 
No. 7. 

The rivers and harbours situated north of the Tyne will, along with 
tlie latter river, command tlie great bulk of coal that may hereafter be 
worked out of the steam coal district, through which they nin, and 
which is distinguished on the plan by a shading of 3'ellow. It contains 
about 127 square miles of coal, equivalent to 1400 millions of tons of 
that mineral. In this calculation are included twenty square miles under 
the sea, opposite North Seaton new colliery, and extending north and 
south of the mouth of the Wansbeck river, the coal in wliicli may be 
taken to be as good or better than any that has heretofore been worked 
in that district. The three classes of coal into whicli the district is 
divided, come under the denomination of white ash steam coal. 

For greater distinction, we sulnlivide this territoiy into throe districts, 
marked A, B, C, on the plan. 

The Blyth district, C, wliich may be denominated the first class or best 
steam coal district, extends for about a mile or two nortli of the mouth 
of the Wansbeck, and contains ninet}^ S(|uare miles, inchiding a portion 
of the twentv miles under the soa. In tliis subdivision a considerable 
nunil)er of pits, and a very large amount of capital, have been sunk 
during the last thirty-six years. So raj)id, indeed, has been the extinc- 
tion of the best steam coal workable seams, that thus far northwards 
very little more capital and few more new ])its may be required. This 
ra])id and satisfactory yi(»ld will have paid interest, duwnjr the last twenty- 
five years, upon tlie hirge cajntal invested at an early <late by the original 
lessees during many un]»rofi table years. Many of the present owners 
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tnd lessees will^ therefore, in all probability, be able to work nnd sell the 
coal cheaper under their leases (which were taken upon more favourable 
tenns than can be had at present), than those who may have to sink new 
pitSy at great cost^ in less favourable localities, or than even those who 
have taken old collieries, leased for short (>eriods at hi^-li prices, and 
necessarily require to realise large sums yearly for iuterest and redemp- 
tion of capital. The owners in this district will be the most likely 
parties to seek the best and cheapest shipping places, and try to maintain 
high prices on board ship, lest tlieir more fortuuate neighliours, with 
only a limited investment of capital, should be able to undersell them. 

This district contaios about 84(j millions of tons of coals. About an 
eighth or so of the produce may be shipped at lily th ; a small |)ortion at 
the Wansbeck river, and the rest will be brou'^-ht down to the Tvne. 
Blyth is well situated for a portion of this district. Geogrj^thically 
^leaking, it would appear to be the natural outlot, and, moreover, both the 
lessees and lessors of the coal are bound by pecuniary ties to use tlie port 
as much as is compatible with tlieir personal interests. The harbour has 
recently been deepened, and its sea outlet is so favourable that a ship 
drawing sixteen ieet of water can get to sea in north-east winds as safely 
as she could leave the Tync, althuugh the latter is by six teet the deeper 
river. Several of tlie collieries whose lessors or lessees are bound, by the ties 
alluded to, to Sir M. W. Kidley (a large shareholder and the Lord of 
the Manor), are in close contiguity to this harbour, which, under present 
circumstances, may be called their own. It h:is been a hurbour ever since 
the period of the Roman invasion, and the improvements eilccted and in 
progress will no doubt, in course of time, repay the money expended 
upon it. Hitherto lilyth has done the Tyne no harm, by any reduction 
of its shipments. Indeed, the construction of tlie Blytli and Tyne Kail- 
way, by producing competition and aifurding a means of transit from 
important collieries in the Blyth and adjoining districts to an excellent 
dock on the Tyne, has been of positive advantage to the Tyne. During 
last year Blyth shifiped :224r,4.>l tons of coal. This, although the largest 
quantity exported from that place, is only a twentietli part of the quan- 
tity exported from the Tyne. llie quantity of coals led over the Blyth and 
Tyne liailway, in 1800, was upwards of 1,000,000 tons, from which, of 
course, the company derived a large revenue, so tliat, although the benefit 
to the river is considerable, the advantage to the railway is fully greater. 
Comparing the quantities uf coal led by the West Hartlepool, Midland, 
North Eastern, and Blyth and Tyne conqmnies, with the amount of each 
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company's capital, it will be found that the BIyth and Tyne Company 
gives the highest per centage on the capital expended, and is a much 
more profitable undertaking than any of the others. Indeed it is 
doubtful if a more profitable line exists in the country, and it is therefore 
a great boon to the coalowners. 

We now come to district B, comprising Portland North Hartley Col- 
liery, the produce of which is being extracted by a pit or two in the 
occupation of Messrs. Harrison & Co. The area of this portion of the 
steam coal-field is about twenty-three square miles, and may be said to 
be almost entire, — a great portion of it being unlet Tlie coal seams to 
the northward are but little proved, and where borings have been made 
or pits sunk, the results are not very favourable. The contents of this 
distrct will be about 320 millions of tons. The main outlet for this is 
the Tyne, with its docks, large steamers, and cheap shipping. 

The next is a precarious district, like that of B, and as yet very little 
sought by speculators. It is marked A, and runs north from Widdrington 
to Warkworth, where the coal seams in the Northern Coal-field come to the 
sur&ce and commence to enter the sea. The area of this district is about 
twenty-one square miles ] and the total produce may be put down at 260 
millions of tons. In this area no account is taken of the probable working of 
the coal to the dip from under the sea, although that, to all appearance, 
is of a better quality than the coal at the outburst generally, or within 
half a mile of the same. In this district there are at the present 
time only two collieries, viz., Radcliffe and Broomliill ; both of which 
have been in operation about twenty-five years, in which period they 
have produced a very small annual yield, and have consequently 
been of very little iinj)ortance in the northern coal trade. Kadclille 
Pit is in the occupation of Messrs. Harrison and Co., and Broom- 
hill Colliery is wrought by Messrs. Burden and W. Barkus. Many 
hundreds of thousands of pounds were sunk (and a great portion of 
it may be said to have been thrown into the sea) by a former company 
in trying for about thirty years to make a sufficiently deep shipping 
place for Radcliffe Colliery. Had the same amount been spent in the 
construction of a railway to the Tyne it would have doubtless been a 
much more profitable expenditure. The line would probably have 
answered the same purpose as the Blyth and Tyne, and have been as 
successful an undertaking, capable of taking all the coal and other 
traffic from the district, and even fitted to compete with the Nortli- 
Eastcrn Railway in the conveyance from thence of other merchandize. 
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As the harbour can only accommodate small ships^ at spring tides^ 
drawing thirteen or fourteen feet of water, the Broomhill coul owners often 
find it advantageous to send a portion of their limited produce to the 
Trne, and even to those more distant ship])ing jtlaccs the North and 
South Docks^ at Sunderland ; in which operation they have to ]my the 
extra expense of public lines of railway for thirty or furty miles, in order 
to obtain larger ships and greater facilities for shipment. 

There are, in addition to these, a few patches of coal beyond the out- 
burst of tlie recognized field. They principally overlie the cnrhoniferous 
limestone in tlie northern and south-western parts of Northumberland, 
and are wrought by means of seventy-seven j)its, mostly for local or 
landsale purposes. Amongst them may be mentioned Shilbottle, 
Scremerston, Newton-on- the- Moor, Xetherwitton, the Flash(^tt«, Acomb, 
Fallowfield, Chipchase, Allerwash, Stubleck, Halt whistle, Blenkinsop, 
Brinkburn, Tynedale Fell. There are others farther north, hut as yet 
they are of little importance. 

We now come to the portion marked D, coloured pink on the plan. 
This district lies south of the steam coal district and extends along the 
north side of the Tvne from Tvnemouth to Newcastle, and thence to 
Bywell, a distance of more than twenty miles, ft joins the steam coal 
at Seaton Sluice (No. 3a), four or five miles northwards of tlie river T}Tie, 
and runs with it for a disUmcc of eight or ten miles from the sea, west- 
ward. The portion that borders on the Tyne ejist of Newcastle has been 
wrought for centuries. The area of this district mav be estimated at 
IG'J square miles. 

In former times this Main Coal ►Seam was considered the best coal in 
the north, and a gi-eat jiortion of it was wroujrht out while the Tlutton 
Seam in the Wear was coming into repute. The sniall remaining 
[lortion, with the seams of coal that lie underneath it, will yield li?00 
millions of tons. They are, however, but little worktnl at present, 
borings and winnings having j»roved them to be of a doubtful character, 
as to profitable siieeulation, tind not very suitable for either household or 
steam purposes,* at least as long is the better seams last. 

This Main Coal, the seiim of which was six feet thick, was known to 
our ancestors, as it is to us, by the name of the Wallsend household 
coal. The large main dyke or fault, II, coloured vermillion on the plan, 
runs tlirough the centre of it and throws the various seams of coal con- 

* Kur buiiiij^ti viilv {)u;:(-s 07? tu 'JN'i in Vol. II. of the Institute's '* Trausuctioiid." 
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eiderably down towards the nortli. At the portion west of Towneley 
and Stella the seams on the north are only about forty fathoms deeper 
than on the south; but in the east, as at Denton, Kenton, Gosforth, 
Killingworth, and Earsdon, near the sea, tlie same seams of coal are 
from 90 to 180 fiithoms deeper on the north than they are on the soutli 
side of the dyke. 

The working on the north or dip side, either in the western district, 
after the dyke has crossed the Tyne at Lemington, or in the eastern 
portion nearer the sea, has been attended with extra expense by reason 
of the pits having been sunk to the rise, in order to obtain the more pro- 
fitable coal quickly, and at less cost The owners are, therefore, now 
working that which remains of tlie best coal seams, by means of fixed 
undergroimd engines, from the dip of the main dyke, at an angle of one 
in four. Gosforth Colliery is sunk on the south side of the dyke, and a 
drift has been driven through it to work the coal to the north of it. The 
same course has been adopted in three places in the Towneley and Stella 
Pits ; the object being to obtain the good household coal on the north 
side, without sinking new shafts at the root of the dyke, where much 
water is certain to be encountered, and very great expense entailed. 

A large mmiber of the pits in tliis district, on the south side of the 
dyke, and extending from Tynemouth to Benwell Colliery, are abandoned. 
A limited portion of a royalty called Montagu Main, near the entrance 
to Kitt^^'s Stone Drift, which runs from the level of the Tyne near 
Lemington through the dyke northwards underneath Denton, had lain 
dormant for forty years, until opened out about a year ago. Pits also at 
the north of the dyko, at Newlnirn, Callerton, Fawdon, and Wideopen, 
have boenclose<l; many of them being «rivon up because they proved 
unproHtabh^, and others through irru])tion of water. At the present 
time the accumulation of water in pits below JN'ewcastle, on both sides of 
the ^iyne, is enormous, and is increasing. If it be not puini)ed out, it 
will l)y and by rise to its highest level, and affect other ]nts now or lately 
in operation. A list of the pits drowned out is as follows : — Whitley 
Colliery (two pits), Percy Main Colliery (two pits), Willington Colliery 
(two l>its), Wallsend Colliery (three l>its), St. Peter's, Ileaton Colliery* 




present in coniniunicution with tlii'm. 
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(two pits), St. Lawrence Colliery (one pit), and St Antliony*s Colliery 
(one pit). The abandoned collieries are Earsdon, Holywell, Shirenioor, 
Benwell, >'ewburn, Hig-h Els wick, Callerton, Wideopen, and Fawdon ; 
several of wLich have more than one pit abandoned. Low Elswick Colliery, 
after many years' abandonment, has been reopened, and an old pit or two, 
near North Shields, are beinj»' reworked in the up])er seams in a small way 
for landsale purposes. 

These pits comprise a larjre district, and if ever they are reworked, as 
may not be improbable in the course of the next century, when we may 
expect the steam coal, and the better and more proiitalde districts to be 
nearly exhausted, they will find the nearest, best, and cheapest outlet for 
shipment at the Tyne. 

V/e have now nearly disposed of the coal-fii'ld north of the Tyne, and 
it needs no special argument to show that the Tyne is, and will continue 
to be, the natural and cheaj>est main outlet lor the proJuce thereof; 
whilst it mav hereafter be the outlet for coal that we do not now take into 
account, but tehich tvni/ be wroutjht from under tht* sea or hrovght up 
»haft^ that coy Id easily be sunk in the ava iUclf] or hrovtjht from pits 
at a great distance. 

The total amount of coal in these four districts will be about 
2,626,000,000 of tons, including- only twenty-one square miles of the 
seams under the sea. 

The lessors or lessees throughout these districts will find it to their 
interest to seek the Tvne and its docks as their outlet. From thence the 
produce, with the exce])tion of sueli small portions as may be sent to 
Blyth harbour, Seaton Sluice, II ulclilfe harbour, and the mouth of the 
Wansbeck, will be shipped for at least the next 1^)0 years, for the mil- 
lions of money recently and about to be expended upon the Tyne will 
ever enable it to offer accoinmridation suj)nrior to any other river or har- 
bour on the north-east coast. 

We have said that we estimate tlie ])ro(luce in these four districts at 
2,626,000,000 of tons ; about one- fifth or more may in all cases be 
deducted, to allow for losses, colliery consumptitm, and in certain districts 
one-sixth more for coal stowed awav underjrround as waste and irrecover- 
able. By dividing^ the amount left by the present yearly production, the 
duration of this portion of the Croat ]\ovthern Coal-field will be deter- 
mined. At the nite of onlv seven millions of tons vearlv, the seams 
unwrought and those remaining in the " drowned out'* pits, without 
taking into account the small seams, varying in thickness from twelve to 
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twenty-four inches, would yield coal for about two hundred and twenty^ 
two years. The probability is, however, that as the great demand for 
the steam coal will tend to a greater increase in its production, and hence, 
that the annual yield from this district will be greater than it has been 
during the last twenty years, the portion under consideration may be 
worked out in less than half that period, and the trade of the Tyne 
thereby receive still greater and more rapid benefit. If one-half more 
than the present quantity be the rate of working, the income of the Com- 
missioners of the Tyne will be nearly doubled, particularly as the yearly 
interest and the expense of shipment are pretty much the same on a small 
as on a large quantity, and the duration of this portion of the coal-field 
will be reduced to 150 years or thereabouts. 

To show the rapid decrease by excavation, let us take old Cramlington 
Colliery, belonging to Messrs. Lamb and Potter, the average working at 
which, for the last thirty-three years, has been about 3(30,000 tons or 
cubic yards yearly ; let us calculate an extraction of 240,000 tons yearly 
for Mr. Joseph Laycock's pits at Seghill : and estimating the best coal 
seams at six feet thick, these collieries will have excavated in the aggre- 
gate at least 2600 acres of coal. If the coal seams were only three feet 
thick, more than 5200 acres would have been extracted during this short 
period. There are about twenty other collieries doing a similar amount 
of work in this steam coal district. 

I now come to that portion of the coal-field which is situate south of 
the Tyne, in the county of Durham, and which comprises an area of 470 
square miles, or the better half of the whole northern field. 

The district marked E, and coloured green, comprises different qualities 
of coal suited for steam, household, coking, and gas purposes. In this 
district are twelve pits that in former times were largely wrought, but 
are now drowned out, or abandoned from other causes. Of these, there 
are inundated, St. Hilda, Manor Wallsend, Jarrow, Hebburn, and 
Oakwellgate ', and abandoned, Norwood, Ravensworth Vale, Sheriff Hill 
Collieries, and one or two others ; several of them having two pits 
each. These, with the twenty-four enumerated on tlie north side of 
the river, make in the aggTegate about thirty-six collieries rendered 
unworkable, principally by the imiption of water, after the best main 
Wallsend seam had been nearly exhausted.* 

* As a set-off, however, I may mention that, in the larg^e unwrought portion of 
this locality, near to the Tyne Docks, a new pit called the Harton has been g^ot 
into operation, aftei about ten years' labour and great expense in sinking, &c. 
It is working profitably and on an extensive scale. An attempt was made by 
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The present natural outlet for shipment for tlie whole of this district 
(as win be seen by the plan) is the Tyne and its docks. Should it he 
objected that Monkwearmouth Pit certainly could not find a natural 
outlet in the Tyne, the answer is, that the difficulty of shipment in the 
North Dock at the mouth of the Wear is so great, and (irom the want 
of a competent railroad bridge) the situation of the South Dock is 
00 much less conyenient than the Tyne Dock at Jarrow, that.^ although 
the owners have a good private shipping place of their own on the Wear, 
in close contiguity to their pits, yet, after the Tyne is improved, the 
Monkwearmouth Company may find it their interest, for a portion of 
their trade, to avail themselves of the superior resources and cheaper 
freights enjoyed by their neighbours on the Tyne. 

It is in this portion of the coal-field that the projected river improve- 
ments will be attended by the most beneficial results. There are already 
extensive docks on the south side of the Tyne at Jarrow, and public 
raflways are projected along the north side of the river, and also through 
the Team and Derwent Valleys on the south and west, in connection with 
the proposed western dock, described hereafter. 

When the plans of Mr. Ure, the River Engineer, are fully carried out, 
ships and steamers of 3000 or 3000 tons will be able to come into these 
docks ; whilst ships of 600 tons, and steam vessels of 1300 tons, will be 
able to ascend, with ease and economy, four or five miles above the High 
Level Bridge, into the very centre of the western portion of this district, 
where cheap coal, suitable for household, coking, and gas purposes, will 
for a long time be obtained in great abundance. Coalowners will no 
longer have to carry their coals by railway or in keels, for long distances, 
to the ships moored in the Tyne, and so the prosperity of the town and 
trade of Newcastle, as well as that of the whole of the Tj^ne, will bo 
immensely increased, and Newcastle will be kept as the central point for 
the business matters of the river and the coal trade. 

This plan of the engineer, for which an Act of Parliament has been 
obtained, will, as we have stated, deepen the channel from Tynemouth 
Bar to Newbum, shorten the distance, and generally cheapen the transit. 

the owners of Harton Collieiy, a few yean ago, to resume operationi at Jarrow 
CdUlerj, idao belonging' to tliem, by drawing off the water. Upwards of £22,000 
were spent in that attempt, but it was ultimately abandoned without a single ton of 
coal having been obtained. Similar efforts were made at Hebbum and Wallsend, 
and they also proved unsuccessful. The late Mr. Thomas John Taylor proposed a plan 
for draining the whole of the drowned-out pits, and g^ve notice of his intention to apply 
to Parliament for an act for that purpose ; but the plan was considered to be somewhat 
premature by the owners, whose assistance and concurrence was necessary, and the bill 
was withdrawn a short time after the death of that lamented g^tleman. 

Vol. X.— Birxinoham Mketing, Jult, 1861. a 
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By temporary barriers, placed so as to throw the river into a narrower 
channel, increasing thereby the scouring power of the tide, and by the 
use of the new dredger of 60-horse power (which cost £40,000), and other 
dredgers, the river to the west of Newcastle can, in the course of two or 
three years, be rendered deeper by at least eight feet than it is at 
present. Tynemouth Bar can be pushed forward into ten feet deeper 
water, making-it thirty-one feet in depth at high water of ordinary spring 
tides. The stone dyke barrier across the Tyne below Lemington (thir- 
teen miles west from Tynemouth) can be easily blown up for about 100 
yards or so, and Newcastle Old Bridge^ — a great obstruction to navi- 
gation — ^be pulled down and reconstructed on better principles. There is 
no good reason, therefore, why we should not, in a very few years, have 
even thirty-one feet of water at Tynemouth Bar ; and from Newcastle to 
Blaydon, eight feet more than there is at present. This would render 
the Tyne, as a coal port, infinitely superior to the river Wear and its docks, 
or any other river, port, or harbour on this coast, and (coal being obtainable 
at less cost) as good or better than Cardiff, Swansea, or Newport on the 
coast of Wales, or probably any other harbour in the kingdom. 
At J, twelve miles from the sea, by cutting off a mile or thereabouts 
of a deep but circuitous part of the river, an excellent and 
convenient river dock, and a shipping dep6t of great extent, could be 
formed. The water at the wharf there, erected and occupied by the writer^ 
has been, from time immemorial, and without any recourse to dredging 
operations, as deep or deeper than Tynemouth Bar; and two or three 
public railways, and several good turnpike roads, intersect each other 
at this point upon a common level, and only a few feet above the 
tidal water. This dock will accommodate, and, indeed, greatly deve- 
lope the Blaydon and contiguous districts, in which are the royalties 
under the Chopple Woods, and the collieries of Whickham, Winlaton, 
Garesfield, Chopwell, Crawcrook, Stella, Ryton, Towneley, Shibdon^ and 
Blaydon, in the county of Durham, and Mickley, Prudhoe, Wylam, 
Elteringham, Lemington, Walbottle, Montagu Main, Callerton, Fawdon, 
Newburn, Throckley, Heddon Banks, Horsley, Throckley Fell, <fec., in 
Northumberland, comprising an area of 160 square miles of coal-producing 
country (coloured green and chequered on the plan), all within easy 
distance of the proposed dock. The transit over public railways in this 
neighbourhood will be shortened, or almost entirely dispensed with. In 
fact, a large portion of the produce of the district will only have to run 
over from one to two or three miles of private railway to enter the 
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dock J. The Oreat Pontop, Lintz, and Marley Hill coal districts, with 
their ranways, whose extreme points are not farther distant than five or 
six miles, would have tlie option of coming* to this dock, instead of 
going double the distance to the Tjne Docks. The Marlej Hill Colliery 
Bailway, about six miles in length, which is connected with a large 
number of pits, runs down to the Tyne, in the Team Valley, in conjunc- 
tion with the Newcastle and Carlisle Railway. It is witliin a very short 
distance, say two miles, of the proposed dock, and could easily be 
brought to it, where it is expected large steamers and other ships will 
be accommodated. 

The remaining districts, marked F (brown) and G (black), complete 
the 470 square miles of the Durham district. Each of these districts, 
comprises 152 square miles of well-defined coal measures and contains 
2200 millions of tons of coal, principally of the household variety. About 
twenty square miles of coal under tlie sea, opposite Seaham and Hyhope, 
■re included in this calculation. 

The district marked F lies on the north side of the Wear, and extends 
from the south of Monkwearmouth Nortli Docks, by way of Chester-le- 
Street to Towlaw, Witton Park, and Conside Iron Works. It consists 
principally of a similar coal to that contained in the district marked £. 

The coal on the south side of the Wear, and west from Sunderland, by 
way of Pensher and Chester-le-Street to Durham and Bishop Auckland, 
has been, and continues to be, extensively worked out of tlie best seams, 
and is good and suitable for various markets. The soutliern boundary 
of this district (see plan) is as yet imperfectly defined, but the coal north- 
wards has been safely proved in all directions. The seams now working 
out are principally tlie Hutton Main and Five-quarter Seams, which 
yield the best household coal, and most of the other seams characteristic 
of the Great Northern Coal-field underlie them in a workable state. 
The boundary projects south until one of the seams, it is stated, runs 
up against a limestone, as is seen in the workings at Castle Eden Pit. 
In other words this southern boundary, which may form the subject of 
another paper, is described by an imaginary line extending from Barnard 
Castle, on the Tees, through Raby Park, Cockfield Fell, Thickley, 
Heighington, Simpastures, Sedgefield, and South Wingate Colliery (now 
abandoned, near Hutton Henry), on to Hestleton Dean, entering the sea 
four miles north of Hartlepool Docks. South of these points many 
borings have been made and pits opened, but the results have invariably 
been unsuccessful. This latter district, like the former one, is conve- 
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niently situate for the river Wear and its docks and the several ports or 
harbours of Seaham (6), Old and West Hartlepool (7), and the Tees 
river, with its drops at Port Clarence and dock at Middlesbro' (8). 
But each of the districts avails itself of the cheap railway transit to 
the Tyne, for shipping a considerable portion of its produce, and may 
hereafter do so to a much greater extent. Even the Marchioness 
of Londonderry and Earl Durham, who possess special means of access 
to the Wear and Seaham, send coals to the Tyne— the Marchioness, 
from her pits at East, Middle and West Rainton, Pensher, Pittington, 
Old Durham, and Framwellgate Moor Collieries^ and Lord Durham 
from Newbottle, Lambton, Lumley, Shadforth, Litdetown, Fatfield, 
Biddick, and other collieries. We believe that coal finds its way 
to the Tyne, too, from Eepier, Belmont Grange, Whitwell, Shinclifie, 
Gassop, Ferryhill, Chilton, and Tirsdale; and the collieries, belong- 
ing to various owners, of Haswell, Shotton, South Hetton, Thomley, 
Ludworth, Tees Wallsend, Eldon, Adelaide, West Auckland, Copley 
Bent, Brancepeth, Brandon West Pits, &c. Most of these pits have, 
independently of the privilege of coming to the l^ne, direct communica- 
tion with Sunderland, the Hartlepools, Middlesbro', and Port Clarence. 
Castle Eden, Trimdon, Wingate, Shotton, Thomley, and Ludworth, are 
near Hartlepool Docks. Ryhope Colliery is only about two miles from 
Sunderland South Docks, and ships its produce (which is already large, 
and will, in the writer's opinion, shortly be doubled) at these docks, adding 
largely to the Wear exportation. The "Ryhope" screw collier, belonging 
to tlie Messrs. Taylor, the owners of this colliery, made fifty- four voyages 
to London within a year, travelling a distance of 32,400 miles in that 
time. Thirty years ago nine or ten was the ordinary number of voyages 
performed by smaller ships trading between the same ports. Monkwear- 
mouth sends to the North Docks in the same river ; and Seaton, Seaham, 
and Murton* Collieries ship all, or the greater portion, at Seaham ; while 
South Hetton finds outlets at Seaham, Sunderland, and Old Hartlepool. 



* The expense of winning Miirton Colliery will saggCBt to ttrang^n a striking: contrast, 
when they consider the ease and rapidity with which pits are sunk in Staffordshire and 
other parts of the kin^om. The money invested in sinking Murton Pit is said to have 
heen £400,000, principally in consequence of difficulties experienced in sinking through 
sand only a few yards thick. These obstructions were of such a difficult character to 
the Haswell owners, that they were forced to abandon a pit which they had commenced 
to sink in this part of their coal-field, after spending £60,000 or so ; and in a similar 
manner a corresponding outlay may have been incurred at Old Lyons Hetton, as far back 
as the year 1820, and which also was abandoned. The same may be said of Lord Howdon's 
Wingate Castle Eden New Pit. South Wingate Pit, which was sunk and worked coal 
ibr a few yearn, was abandoned about the same period as the former one. Each of 
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In this district is the important river Wear (5)^ with good docks at 
the southern side of its debouchure into the sea. The tidal water 
readies from Sunderland to a point beyond Chester-le-Street^ and the 
rirer itself extends, by way of Brancepeth and Witton-Ie-Wear^ to 
Wolsingfaam, near Stanhope. Near this latter place the lowest seams 
of the Great Northern Coal-measures crop out to the surface above 
the carboniferous limestone, f 

Between the River Wear and its Docks (6) and the Middlesbro' Docks 
(8), there are also the Port of Seaham (6), four miles south of Sunderland, 
and the two Hardepools (7), eight miles farther in the same direction, 
each of which takes a portion of the coal from tlie districts E, F, and G. 
A deduction being made, as before, for previous excavation, losses, 
contingencies in working, Ac, these 470 square miles will, at the present 
rate of working in Durham (say 15,250,000 tons per annum), last for 
222 years to come. Add the 7,000,000 tons annually derived from the 
280 square miles in Northimiberland, and we have an aggregate yield of 
22,250,000 tons yearly, which is the present rate of working out of the 
whole 800 square miles, containing about 200 working pits in the best 
positions. Deducting one-half of the whole for home or local consumption, 
there remains about 11,000,000 tons to be shipped yearly, nearly 
5,000,000 tons of which are placed on board in the Tyne, and the remain- 
ing 6,000,000 in the other eight or nine rivers, harbours, and ports on this 
coast. But the probability is, that if these good coal producing districts 
continue to increase their trade as they have done during the last five 
years, the Tyne and adjoining ports will be benefited much more rapidly, 
whilst the coal-fields will diminish in the hke ratio. Moreover, the proba- 
bility being, that in districts waterlogged or left unworked certain portions 

tlMm was ■aorifieed at a g^at loss to the owners, as were also three or four others at 
Mainslbrth, Garmondsway, Thickley, and Merrington. A pit sunk when the writer was 
minfaig> engfineer for the South Hetton owners, and now working extensively at a mile to 
the dip of Haswell Pit (abandoned), cost the South Uetton owners about £100,000, 
including upwards of four miles of railway to Seaham Harbour, and a branch about a 
miU long to join the Hartlepool Railway, at or near Haswell. It was at South Hetton 
nt that the writer, in the year 1 832, introduced into the Qreat Northern Coal-field the 
working of coals by tub and cage system, which has been stated by the writer to have 
effi«ted, npon an annual yield of 13,000,000 tons, a saving to the coalowners of collieriea 
in Durham and Northumberland, of not less than £1,000,000. The annual produce has 
now increased to 22,860,000 tons. A description, with plans and models of this system, 
are exhibited by the writer at this meeting, along with views of the old plan of bringing 
np coals in corves or baskets, which system is now entirely abandoned in this and other 
coal districts of Great Britain, and in several foreign coal-producing countries too. 

t This limestone is quarried at the surface at Westerlee, near Wolsingham, where it 
is iipwmrds of 1100 feet above the sea level ; while under Seaham, Ryhope, Sunderland, 
and Tynemouth, this same limestone lies about 3000 feet below the sea level ; also about 
the like distance below the magnesian limestone. 
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will never be resumed^ this period will be still farther reduced, ^o that 
hereafter coals may be brought from a great distance to the large 
&ctories^ &c., that will then exist in the neighbourhood of the Tjne and 
the adjacent ports, as well as to the large ships that will ever float in 
their docks and harbours. 

The rivers, ports, and harbours in this southern part of the coal-field 
are those which enter most largely into competition with the Tyne. The 
Wear, there can be no doubt, might temporarily be made into a formidable 
competitor with the river to which in ancient charters it figures as a 
mere creek. The tidal water has been much improved of late, but the 
River Wear Commissioners have expended the greater portion of their 
income in carrying on the South Dock, which, without such assistance, 
was not likely to pay a remunerative interest upon the capital invested. 
Although much has been said recently about the comparative deptlis of 
water at Tynemouth Bar and Sunderland South Dock, there is every 
reason to believe that the reports have been exaggerated ; but whether 
misrepresented or not, the Tyne, as will be seen by the comparative 
statement at the end of this paper (Table, No. 2), keeps a-head of 
Sunderland, and of all other ports in the kingdom. Mr. Ure's improve- 
ments will shortly give a depth of water, say thirty-one feet, to the Tyne 
bar, by which means trade, which may have gone temporarily to more 
southern rivals, will probably be reverted into its proper channel. 

The Hartlepool Docks are rising into great notoriety. The sites they 
occupy are the most suitable along this line of coast for establishing 
a dangerous competitor to the " canny " river that " carries coals to 
Newcastle," and had they commanded an extensive area of coal territory 
like the Tyne they might have become formidable. But it is doubtful 
whether West Hartlepool Docks and their adjuncts will prove as 
profitable an investment as the Tyne, which rests upon its own merits 
rather than upon adventitious aid. 

Many years ago, when the writer was a director in the Old Hartlepool 
Dock and Railway, and the shares of £100 each were selling at upwards 
of £180, an arrangement was effected with Mr. G. Hudson, for the North- 
Eastern Railway Company, by which the latter leased, for thirty years, 
tlie dock and line, and engaged to pay the shareholders eight per cent, 
interest. Shortly after this time Mr. Ward Jackson and other 
influential persons projected the West Hartlepool Docks and Railway, 
and now instead of a public company like the Old Hartlepool Dock and 
Railroad Company, with a capital of only £450,000, paying eight per 
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cent, out of real profits^ we have a company at West Hartlepool that, 
after investing £3,250,000 in docks, railroads, collieries, and ships, pays 
four and a half or five per cent, chiefly out of its profits and capital, 
and is applying this session to Parliament for increased borrowing powers. 
Under these circumstances, it will be admitted that the prestige of the 
Tyne has in the long run little to fear from these quarters. The Old 
Hartlepool Railroad and the excellent Docks of the old company are in 
the hands of the North-Eastern Railway Company, which, witli its 800 
nules of main line and branches, and a capital invested equal to 
£27,000,000 sterling, is a formidable competitor wherever its interests 
he, and at present they are chiefly in the Tyne. 

Seaham^ the next port of importance in this part of the coal-field, must be 
considered as a private speculation. It has been constructed chiefly for 
the accommodation of the pits belonging to the Londonderry family and 
the South Hetton Company. Its construction cost upwards of £250,000, 
and extended over a period of about thirty years. It is probable that if its 
projectors had foreseen the expense and trouble involved they would have 
more maturely considered their plans and possibly have sought the Tyne 
and the Wear as much cheaper outlets for the produce they desire to 
accommodate. 

Stockton on the Tees, as a port for the shipment of coals, has proved, 
in every sense of the word, a failure. The Stockton and Darlington Railway 
Company, thirty years ago, thought it might prove a convenient shipping 
place for the collieries west and south of Bishop Auckland, and gpreat 
expense was incurred in improving the river, making shipping berths, 
laying down a railway, &c., but for twenty years it was to little j)urpose. 
A spot nearer the sea was afterwards selected, an iron suspension bridge 
was thrown across the Tees, and drops were erected near Middlesbro', 
and opposite another shipping place, known as Port Clarence. But 
the locality coidd not be made to answer, and in the monthly list of 
exports Stockton is " nowhere." Middlesbro' Dock has been of far more 
value to the iron trade than to the export coal trade. Indeed, it is upon 
the iron furnaces in tlie neighbourhood that these western coal beds and 
the rising town of Middlesbro' chiefly depend. The entire shipments of 
coal from Stockton and Middlesbro' during the year 1860 did not exceed 
855,000 tons. If the deep water site upon the coast at Redcar, so well 
adapted for a harbour of 350 acres, had been adopted by the shareholders 
of the Stockton and Darlington Railway, many of whom were large 
coal and iron ore owners, they would have had a harbour forty feet deep 
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at high tide, which^ while costing less than they hare spent in abortive 
speculations in other directions^ would have served the western collieries, 
the iron works, and all sorts of shipping — in fact, the entire navy of 
Great Britain could have lain there at once. 

Had the old Conservators of the Tyne, when they had the means and 
the power in their own hands, only possessed sufficient public spirit, they 
might so have improved the navigation of the river, and opened out 
such facilities on its banks for numerous trades that would have sprung 
up, that there would have been no need for coal owners and iron masters 
to promote the formation of other shipping outlets in less favourable 
situations. 

The rapid increase in the coal and iron trades of Durham, Northum- 
berland, and Cleveland,* appears to require the construction of railways in 
Cleveland, and also south of the l^e up the Derwent and Team Valleys, 
and on the north side of the river, in connection with the Blyth and 
Tjme Company's proposed Newcastle branch through Oosforth. Two or 
three railway companies have abeady made, and are anxious to make, 
lines in these localities ; and the managers of so magnificent a river as 
the Tyne must offer every advantage, in order to prevent the farther 
diversion of trade, by land or other means of transit, and the waste of 
money upon inconvenient places which can never be able to compete with 
the "coaly" river. 

Until the constitution, by Parliament, of the present Commissioners, 
this river, with its three bars, was lefk almost entirely to nature ; and the 
result is shown in the opposition ports and docks that have sprung up of 
late years, not only close at hand, but in other parts of the kingdom. 

And yet, in spite of drawbacks of every kind — ^whether arising from a 

* Tho capital employed in the Ch-eat Northern Coal-field in producing^ 16,000,000 
of tons yearly, was stated by the writer, in a paper read before the Institute on the 6th 
of December, 1854, to be £80.000,000 sterling, viz. :— 

Pit plant £14,000,000 

Railways 10,000,000 

Shipping 6,000,000 

£30,000,000 
The value on board ship of the yearly produce was therein estimated (the expense of 
freight to London and other ports in the United Kingdom being upwards of one-half) at 
£13,000,000. This estimate of capital, the writer now considers, was too low, though 
at that time it was held to be pretty correct. Since that period, large sums have been 
spent in the construction of public and private railways, docks, and other conveniences 
for rapid shipment, within the limits of the coal-field, which cannot be estimated at 
less than £5,000,000 sterling — the Tyne Docks alone having cost more than three- 
quarters of a million. This expenditure will bring the total capital at the present day 
up to £35,000,000, and, in the course of a few years, the proposed improvement of the 
True wDl have added another million or two to this amount. 
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want of pablic spirit in the river authorities^ or the efforts made to create 
riTsl ports— the Tyne has gone on increasing its coal exportation, and 
hfiA distanced all competitors. There was a regular and steady increase 
in the shipments of coal up to the time of the great strike of the ])itmen 
in 1844 — ^which marks a new era in the trade ; and since that time 
progress has been made at the rate of 33 per cent. No other port in the 
kingdom can show, or is likely to show, a greater degree of prosperity, 
and iliere. is no other port that can so easily be adapted to the growing 
wants of the trade. Tables Nos. 2, 3, and 4 at the end of this paper show 

the preponderance of the Tyne in this respect over every other port in the 

kingdom. 
The new Commissioners are doing wonders, considering their means, 

and the fiict that they have not as yet got fairly under way with various 

nsefid projects. Since their incorporation, the Commissioners have 

expended only a comparatively small sum, viz. : — 

On the Northumberland Dock - - - £300,000 

„ Piers 191,000 

„ River generally, about - - - 100,000 

£511,000 
But they have power to spend an additional two millions, namely : — 

OntheRers £300,000 

On the Tyne and Tynemouth Dock - - 1,600,000* 
They have now, therefore, £3,600,000 capital additional to their 
large and increasing income of £100,000 per annum, available for carrying 
out further improvements ;t and by the new act just coming into operation, 
this large yearly income is likely to be doubled ere many years are over. 
It is to be hoped that these improvements will prevent further encroach- 
mentSy as we may call them, especially such as are involved in railway 
arrangements for carrying coals at unremunerative prices to London, and 
the formation of public and private railways to take coals 100 miles 
or more firom the western division of the Northern Coal-field, to the west 
coast for shipment to Ireland, instead of bringing them to the T}^e, 

* The CommiBtionerB possess already three-eighths of the funds called the Coal Dues. 
Should they buy the balfmce, five-eig^hths, of &e Corporation, their inoome would be 
increafed £1S,000 per year under this head alone, 
t Other parties have spent as follows : — 

North Eastern Railway Company, on Tyne Docks and Brandlings 

Drops, ' £760,000 

▲Itofpether the money invested, and to be invested, if necessary, in the improvement of 
the Tyne, in a short period of time, will not be less than £3,600,000. 

Vol. X.^BUUfllTGHAM Mebtino, Jult, 1861. H 
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where^ generally speaking, abundance of shipping and much better prices 
are obtainable. 

There can be no doubt that it is for want of that communication with 
the Tyne which is now about to be supplied, that the western coalowners 
are trying to ship coals at defective ports on the west coast It becomes^ 
therefore, a question of great interest to the proprietors of coal pits there 
whether they should not arrange with railway companies that are trying 
to amalgamate with the North Eastern Railway Company, to send on 
cheaper terms a great portion of their coals to those of the eastern ports 
which the North Eastern Company's lines command, viz. : — ^the Tjnae, 
Sunderland, and Old Hartlepool Dock, in the same manner that Mr. Ward 
Jackson did with the West Hartlepool Dock and Clarence Railroads. 
For it will be seen that the distance by rail from this district to the 
proposed dock at J, on the Tyne, is only one-eighth of that by Tebay 
to the western coast, and is less than the distance to Middlesbro' Docks. 

Within the last twenty-five years this western portion of the coal-field, 
then well known to the writer, has been much developed and opened out, 
but the produce has been largely consumed by the iron works, coke 
manufactories, &c., that have been established at no great distance, as 
at Conside, Witton-le-Wear, Towlaw, Tudhoe,* Darlington, Ferryhill 
station, and Port Clarence. 

The exports of the western coal are a mere bagatelle, and the 
collieries in connection with the Tees have in many instances, since the 
opening of the Stockton and Darlington Railway, to the writer's certain 
knowledge, not yielded so profitable a return as was expected for the 
large capital invested during the first twenty years of their existence, 
whatever they may have done within the last ten years. In proof of this, 
it is only necessary to point to the fact that Tees Wallsend Blackboy and 
other collieries have, within the last named period, opened railway com- 
munication with the two Hartlepools and the Tyne, and find the new 
routes answer admirably. 

In the coal mines that are on the outburst of the field, two or more of 
the ordinary seams run into one, so that there are only one or sometimes 
two workable seams of tender coal, instead of the five or so that are found 
in the east, below the Hutton seam. Considering their limited capacity, 
these seams are not very carefully dealt with, and if they continue to be 

* Mr. Attwood and the Messrs. Barings have established several furnaces and rollinfi^ 
mills in this locality, for one of which, in partloular, they obtain the best ore from an 
excavation that was formerly a lead mine, and whioh, when smelted, forms pig metal, 
whioh is exported to France at the price of about £6 per ton — ^more than double the 
average price obtained for pig metal from any other locality hereabouts. 
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wofked as rapidly as at present, thej cannot^ in a district so circum- 
scribed, be of long duration. Had the Tyne improvements been 
oommenced tlm^ years sooner, the iron manufacturers in this locality, 
after a brief experience of inconvenience, expense, and loss, might have 
been induced to establish their works on the banks of the Tyne. The 
iron fomaces at Middlesbro' are at a distance of from twenty-six to 
thirty miles from the coal at Pease's West, which, moreover, is only 
acoesaible to them by public railways for long distances — a dear method 
of conveyance compared with that of sending the produce over a short 
distance to the more northern river. There are already on the banks 
of the Tyne the extensive iron furnaces of Walker, Jarrow, WiiUsend, 
Lendngton, Felling, Washington, Wylam, &c. And within a reason- 
able distance from these are, to the north, Brinkburn, on the Coquet ; 
Haltwhisde, in the extreme west ; Hareshaw, near the Plushetts Coal- 
field, on the North l^ne, where argillaceous iron ore and clay ores 
are fi)and, of nearly as good a quality as that of Staffordshire,* and 
Port Seaham, Felling, and Washington, in the south. As a greater 
weight of coal is required for reducing a given weight of ironstone, it 
is not too much to suppose that, with good rail and river accommodation, 
ores of different qualities will be brought to the coal on the Tyne for 
the sake of economy — the smaller weight to the larger. Nor is the 
expectation too sanguine tliat the raw clay ironstone trade from great 
distances, by sea and river crafl, and by rail, will find its principal 
location in the neighbourhood of the Tyne, in consequence of it 
being found cheapest to concentrate it at a point where there is a noble 
river answering every purpose of importation, exportation, and local 
transit The coal used in supplying the Cleveland districts is taken 
twenty-five or thirty miles by railway, while, on the borders of the TjTie, 
there is a large working population, and labour is consequently cheap 
and more accessible ; at the same time, there is a large plant in 
existence, and therefore much less capital is required to establish furnaces, 
Ac, than is the case in a desolate country like Cleveland. Moreover, 
limestone can be obtained on the Tyne, in close proximity to the furnaces, 
and which, with good rail and river transit to that cheap highway 
the sea, can be carried a great distance at little expense. The 
Cleveland clay ironstone requires, for the manufacture of superior pig 
metal, the admixture of richer and better qualities — the hematite ore, and 

* Seventj of these fumaoeB are in full operation, and thirtj-seven are alio nearly 
ready for work, and when the whole are fully employed, they will oonaume nearly 
double the quantity of coal at present required, or 4,000,000 tons. 
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the well-known clay ironstone of the Midland district. The former is 
brought all the way from Element and Whitehaven^ in Cumberland^ to 
Middlesbro'; at much expense; but, on the Tyne, it can be obtained 
much more easily and cheaply. It has been proved, that in twenty 
minutes a ship can load at a point on the coast called Staithes, twelve 
miles south of Redcar, with argillaceous lias ore, and be in the Tyne in 
four hours, returning to London and elsewhere with proportionate celerity. 

If adequate facilities were afforded, a larger trade in coal and iron should 
be carried on from the Tyne with France and America. Until the con- 
clusion of Mr. Cobden's treaty, the French Government levied a duty of 
3s. a ton upon English coal, equal to one-half of the price at which we 
of the Northern Coal-field can put it on board ship, while Belgian coal 
was paying only Is. 6d. per ton. In both cases this duty was additional 
to the Paris octroi of 6s. 8d. per ton. But, under the commercial treaty, 
the 3s., also Is. 6d., duty upon each has been reduced to one-half, and indeed 
there appears every disposition on the part of the Emperor and his 
Ministers to encourage the British coal trade. With respect to America, 
it is a remarkable fact, that at the present time we are sending coals from 
the T3me to New York and other American ports, at the extremely low 
freight of 10s. per ton, and small quantities have gone from London 
at 9s. per ton. It is well known that the Americans find certain descrip- 
tions of our coal to be of a much better quality than their own, and if 
these coals can Ije i)ut on board in the Tyne at from 4s. 6d. to Os. 6d. a 
ton, and carried across the Atlantic at as low freights as 10s. a ton, 
costing, therefore, only about 15s. per ton on the average, the Americans 
will undoubtedly become good customers of ours. It will be found, too, tliat 
northern coal is as cheap as tlie coal from the west coast, for altliough 
freights are lower at Liverpool and contiguous ports, yet the price of the 
coal is higher, and the article itself is not so suitable. Tlie Americans 
find tliat it answers tlieir purpose for the gas and iron manufactures, and 
sundry otlier trades, to import our superior produce into their seaport 
towns, and the difference of quality is all in their favour. Of course none 
but the largest vessels can afford to carry coals at that low figure, except 
as back carriage, in the same manner tliat lead and other ores are brought 
from Spain to the Tyne. It is accommodation for these large vessels that 
is so much needed, and which Mr. Ure's plan is calculated to supply. 

It may be observed, too, that there are numerous branches of industry 
that depend greatly upon the coal and iron trades, which, if tlie proposed 
improvements are carried out, will find the Tyne more advantageous, 
and bett<ir calculated to promote their development and success, than 
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anj odier of the rivers, ports, docks, and harbours to which we have 
alluded. The Tyne will then be able, not only to hold its own, but 
to attract new branches of industry to its banks, and thus to increase 
its rerenne year by year, and promote the prosperity of the staple trade 
of the district. 

The total area of coal measures in the Great Northern Field is 800 
sqnare mileSy and would originally contain 8,3(X),000,000 tons of coal, as 

follows : — 

TABLE, No. 1. 

Quantity of Coal in tJie Entire Field, 



8q. MU<M. 

A (yaOow) •• •• «21 
B (yellaw) •• 83 
C (yeDow) . • • . 93 

Tons- 

706,000,000 ) 
UnderBea 140,776,008 S 

StMm Coal District— Total 


Proh^Wr onantity 
Total. iihliii>«-il una for ibip- 
mi'iit in the Tync. 


other Ports. 
Tons. 

10,000,000 
20,000,000 

200,000,000 


1 
T«ni« j To- 9. 

260,000,000 , 250,000,000 
320,000,000 ' 300,000,000 

; 
840.770,008 640,770,008 


1 ,420,776,008 1 , 1 96,7 r6,008 


230,000,000 


D{rcd) 162 


1,200,000,000 
2,626,770,008 


1 ,200,000,000 


< • • • 


Total in Northamberland . . 


2,396,776,008 j 230,000,000 


E (green) .. .. 162 
F (brown) .. .. 152 
O (black) .. .. 152 


1,157,029,749 
2,200,000,000 
2.200,000,000 


1,000,000,000 
800,000,000 
800,000,000 


97,029,749 
1,400,000,000 
1,400,000,000 


Total in Durham . . . • 


5,557,029,749 


2,660,776,008 ' 2,897,020,749 

1 


Durham and NortbumberlRnd Total 


8,183,805,757 


5,056,776,008 3,127,000,749 



From this, deduct the quantity estimated by the writer to have been 
excavated up to the year 1854, viz., 3,060,910,801 tons from the two 
counties, and the quantity excavated between 1854 and 1860 at the rate 
of 17,000,000 tons- yearly, viz., 85,000,000 tons, and we find a total 
quantity remaining of 6,026,998,957 tons. Divide tliis amount by the 
present yearly production, 22,500,000 tons, and the result is 223 — the 
number of years that the field will last at the present rate of working-. 

Some fifteen years ago, Mr. Groenwell, in estimating the duration of the 
Northern Coal-field, observed that if tlie production of saleable coal reached 
10,000,000 tons vearlv, tlie coal beds would last for 331 vears. The 
writer of this paper, in 1854, showed that the annual jield was 



62 

14^000,000 tons, and he estimated the duration at 365 years, but predicted 
that, in a very short time, 20,000,000 tons would be raised per year, in 
which case the field woidd be exhausted in 256 years. At the present 
date, even this quantity has been exceeded by 2,500,000 tons, and the 
duration of the northern coal seams is, therefore, as shown in the preceding 
statement, reduced to 223 years. 

The 22,500,000 tons raised in this district are, in the writer's esti- 
mation, distributed in the following proportions : — 

TABLE No. 2. 

Tons. Toiii. 

Shipments oversea and coastwise - - - 10,583,118 
Lea and consumed by vessels on the rivers Tyne 

and Wear, say ror local trade - - 1,113,000 



Consumed in iron furnaces - - - - 2,000,000 

Factory and household consumption (local) - 4,800,000 
Colliery consumption and waste underground, 

about 4,000,000 



11,696,118 



10,800,000 



Total Great Northern Coal-field - - 22,496,118 
Now, as has been already noticed, the oversea exportation firom the 

Great Northern Coal-field is rapidly increasing, so that, in a short period, 
we may expect to see it ftdly 2,000,000 tons per annum in excess of the 
present quantity. The blowing in of all the dormant furnaces in this 
district woidd most probably create a demand for an extra 2,000,000 tons; 
and it is not improbable that the looal manufacturers in this district may 
go on increasing their consumption, and that 2,000,000 tons per annum 
extra may be put down to their account. This would raise the extraction 
to 28,600,000 tons yearly, and thus lessen the duration of the coal-field 
to 177 years.* This may be thought by many persons to be an exagge- 
rated estimate of the future progress of coal production, yet, if we look 
back only six or seven years, we see precisely the same augmentation 
taking place ; and with all the appliances and transit facilities that have 
been brought into play within the last thirty years, who shall venture to 
place a limit upon our power of production, so long as coal remains to be 
won, and its use is as indispensable as it is at the present day ? 

* In these and all other estimates no account has been taken of a practice which 
prevails rather extensively in the trade, namely, that of griviog: overweigfht. The 
Newcastle chaldron is fifty-three cwts., but many collieries give fifty-five cwts. and 
more to the chaldron, which surplus does not enter into the returns of the total pro- 
duction. In a larg-e quantity this overweight becomes a considerable item, and renders 
the excavation of coal — past and future — greater than it would otherwise appear to be. 
Indeed, if the practice continue, it may happen that the total duration of the coal-field 
may be taken at eight or ten years less than we have previously allowed, making the 
exhaustion of the coal*seams complete in 167 years. 
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TABLE, No. 3. 

Oom p araiive Statement of the Shipments of Coal from the Cheat 
Northern CoaUJieldy showing the Shipments in the Dochs, and the 
Qwmtity led by Siver Craft and consumed by Steamers and 
Jfanufaetories on the Tyne and Wear, 

TOBt. 

Shipped from the Tyne, at drops and BtaithB - - -1,317,820 

Do. from the Northumberland Dooks - 1,689,037 

Do. from the Tyne Docks ... 1,421,674 

3,110,711 

Do. from the West Coast 68,087 

Estimated qmmtity sent to Hull, Selby, and other southern 

ports, per rail and ship 100,000 

Estimated to be carried by sundry river craft, and consumed 

at manufretories and by steamboats, &c., on the Tyne 1,000,000 

6,697,618 

There art in the Tyne 2C0 tug steamboats, besides passenger boats, and about 260 other 

eiaft engaged in carrying ooals. 

TOBI. 

Shipped in the Wear, from Sunderland, at drops, &c., - 1,387,010 

Do. from the North Dock ... 99,000 

Do. from the South Dock .... 1,300,000 

1,399,000 

Estimated to be carried by river craft, and consumed by 

steamers, manufactories, &c., on the Wear - - 113,000 

2,899,010 

The above figures show that the aggregate coal trade of the Tyne is 
about double that of Sunderland, while the local coal trafSc (by river 
craft, &c.) is greater by tenfold. The shipments from the remaining 
ports, harbours, and rivers on the east coast are as follow : — 

Tom. 

From West Hartlepool 961,102 

Do. Old Hartlepool ....... 940,322 

Do. PortSeaham 641,322 

Do. Middlesbro'-on-Tees 354,204 

Do. Blyth, Seaton Sluice, &c. ..... 224,461 

Do. Warkworth Harbour ...... 77,977 

Do. the Wansbeek 60 

Do. Berwiok 162 

3,199,590 

Total led by ships, steamers, and river craft from the Great Northern 

Coalfield, in the year 1860 11,696,118 

Learinsr, for local consumpfion, about ...... 10,800,000 

Total 22,496,118 
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TABLB, No. 4. 

Shipments of Coal Jrom the Great Northern Coal-Jieldy shawinff the 
comparative quantities Coastwise and Foreign^ and also those used 
and led by River Craft in the Tt/ne, the Wear, and other places. 



Porta. 


Coastwiae. 


Foreign. 


Total by Sea. 


Local. 


TotaL 


Newcastle and Shields, 
on river Tyne - 

Ditto, by river craft - 

Port Carlisle and Sillotb 
Bay (west coaf-t) - 

Marypoit (do ) 

Hull, Selby, and other 
southern ports, esti- 
mated 

Total from the Tyne • 

Sunderland 

Ditto, by river craft - 

Total from the Wear • 

West Hartlepool - f 

Old Hartlepool - - 3 

Seabam . . - 

Tees, Middlesbro' - 

Warkworth 

Blyth and Seaton Sluice 

Wansbeck - - - 

Berwick 

Total - 


2,132,621 

• • • 

42,157 
26,730 

• • • • 


2,275,910 

• - • • 

• • • • 

• • • • 

100,000 


4,498,531 
1,000,000 

42,257 
26,730 

100,000 






2,221,608 


2,375,910 


5,597,618 


1,812,716 

• • • • 


973,294 

• • • • 


2,786,010 
113,000 


1,812,716 


973,294 


2,899,010 


1,322,106 

602,682 

217,704 

8,744 

109,428 

60 

162 


579,318 

38,690 
136,500 

69,233 
115,023 

• • • • 

• • • • 


^ 960,102 

t 941,322 

641,322 

354,204 

77,977 

224,451 

50 

162 


2,260,826 


938,764 


3,199,590 


10,800,000 


22,496,118 


Abstract of the above Table. 


Ports. 




CoastwlM. 


Foreign. 


Otherwisa at 
Puit* t Biven. 


Total. 


Tyne 

Wear 

Hartlepool - - - - ^ 
Tees - - - - 
Seabam - - . - 
Blyth . - - - 
Warkworth - - - - 
Wansbeck - - - 
Berwick - - - - ^ 


> 


2,221,608 
1,812,716 

2,260,826 

1 


2,375,910 
973,294 

938,764 


1,168,987 
113,000 

• • • • 


6,597,518 
2,899,010 

3,199,590 


Local, about - - - - 


6,295,150 

• • • • 


4,287,968 
• • • • 


1,281,987 
• • • • 


11,696,118 
10,800,000 


Total from North umbe 


rland and 


Di 


irham, or Gi 


reat Norther 


n Coal field, 


22,496,118 
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I%e foUomng Table gives the Depth of Water in the Itivers and 
Harbours on the North-east Coast, at average Spring Tides. 

Tlie ondermentioned figures have been obtained from official sourceHi and can therefore 

be relied upon as accurate. 

Avi-raRe Arrrai^o 
8i)rin;{ Bprinc Title* 
TUles. wlivn 

Imuruvotl 
Feet by Mr. L'w, 

The Tyne, at Tynemouth Bar 20| . . 29 

„ Tyne Docks 24 .. 29 

„ Northumberland Docks 21 .. 29 

,, Kewcastle and Gateshead 17* .. 23 

„ Blaydon 8* .. 23 

Proposed dock at J, between Lemington, Dlaydon, and Stella - 18} •• S3 
Do. Tynemouth, Proposed Low Lights Dock, near the Bar, 

entrance 100 feet wide — ••26 

The Wear, at Sunderland Bar, say - - - -18J.. — 

„ North Dock - - - - (ordinary tides) 20 J • • — 

„ South Dock, ... - - (ordinary tides) 22| • • — 

„ Lambton, Victoria Bridge - - - • • 6| • • 6^ 

Seaham ---------- IQ,, — . 

West Hartlepool 20}..— 

Old Hartlepool 19J .. — 

Tees, Middlesbro' Dock 18} .. — 

Blyth Harbour 15..— 

Seaton Sluice 13..— 

Wansbeck ---------- n,,— 

Warkworth, on the Bar 16} 

Bedcar Sea Coast, space between projecting rocks, 40 feet deep, over 

350 acres, at high water, which are dry at low tide - - — 

Staithes, twelve miles south of Bedcar, for shipment of ironstone, say 13 



• • 



• • 



• • 



* At Newcastle quay and at Blaydon the water in the bed of the river is three and 
eleven feet respectively deeper thau the figures indicate. But below both points are shoals 
which impede the navigation, and a higher figure would bo calculated to mislead. These 
shoals^ however^ when Mr. Ure's improvements are carried out, will be swept away. 
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TADLB, No. 6. 



Produce and ShipmenU from the Cheat Northern CoaUJield brought 

forward. 



Pofte from vliich Sliipve^ 



Durham and Nortb- 
mnberland - 



:} 



CoMtwise. 


Foreign. 


Torn. 

6,326,163 


Torn. 
5,469,055 



ToUl by 8m 

Ml>l 

River Craft. 



LiicaL 



I Total 
ProduriloD. 



Tou. 



Tona. 



Tona. 



11,696,118 10,800,006 32,400,118 



Since December, 1855, wben the writer last wrote on the subject, the 
produce of this coal-field has increased about fifty per ct^nt. In all other 
parts of the kingdom the increase has been only thirty per cent. 



TABLE, No. 7. 



Produce of the North ami South Wales Coal-Jield in 18G0, showing 

the Quantitt/ Exported and used Locally. 



Porta Irom which Shipped. 


CiiaatitLir. 


Fonign, 


TutallTSei. 


ToUI liy r.m-iU 
IrdJo in WaliJi. 


ar;iud Tutal. 
Tuna. 




Tujiii. 


Tom. 


Turn. 


Toua. 


Cardiff - 


782,002 


1,133,086 


1,915,073 






Newport 


029,206 


187,591 


810,797 






SwEDiea ... 


227,075 


295,102 


522,777 






Neath - . - 


18.VJI0 


13,740 


199,050 






Pbrt Talbot 


61,965 


• • • • 


61,905 






Forth Cawl - 


17,196 


. • • • 


17,190 






Uanellj ... 


284,170 


89,990 


374,106 






MUford - 


51,351 


45 


51,396 






Local 


• • • • 


• • • • 


t • • • 


2,296,378 


6,254,813 


North Wales. 












Flintohire - 590,500 


• • • • 


• • • • 


* • • • 


. . • • 


• . • • 


Anpletea - 20,500 


* • • . 


• • • • 


• • • • 


• • • • 


• • • • 


Denbighthire 1,139,500 
Total 


* • • • 


• . • • 


• • • • 


1,750,500 


1,750,500 


2,238,875 


1,719,560 


3,958,435 


4,040,878 8,005,313 
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TABLE, No. 8. 

Produce and Shipments of Coal in Scotland in 1860, 



Port* from which Shipped. 


Coaitwise. 


Fonlgn. 


Total by Be*. 


TK>eaL 


Total. 




Tom. 


Torn. 


Tons. 


Tona. 


To&B. 


BorrowBtoneas 


124,354 


151,973 


276,327 






Leith 


6,696 


35,593 


42,259 






Qrang^mouth 


♦ 1,799 


61,409 


213,382 






Alloa 


13,750 


59,217 


72,967 






Kirkaldy 


43,828 


73,769 


117,597 






Dundee - - - 


934 


28,786 


29,720 


1 




Aberdeen 


• • • • 


222 


222 






Peterhead - - - 


• • • • 


90 


90 






Oreenock 


14,700 


49,105 


63,805 




• 


Port Glasgow 


60 


6,001 


6,051 






Glasgow 


104,931 


56,058 


109,989 






Irvine and Troon 


367,319 


129,799 


497,118 






Ayr and Girvan 

Total - - - 


65,453 


1,410 


66,863 






743,814 


653,432 


1^397,246 


9,502,754 


10,900,000 



TABLE, No. 9. 

Produce and Shipments of Coal in Ireland in 1860. 



Portrt from which Shipped. 


Coastwise. 


Foreign. 


Total by Sea. 


Local. 


Total. 




Tons 


Tons. 


Tons. 


Tons. 


TonB. 


Dublin - - . 


.... 


432 


432 






"Wrexford 


• • • • 


200 


200 






Waterford 


• • • • 


148 


148 






1 
Rosa - - - 


105 


127 


232 






Cork 


.... 


469 


469 






Tralee - - - 


. • • • 


60 


60 






1 

1 Londonderry 


• • • • 


394 


394 






Belfast - - - 


• • • • 


693 


693 






Total - - - 


105 


25-23 


2028 


110,797 


119,425 
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TABLE, No. 10. 

Produce and Shipments of Coal in Cumberland in 1860. 



Forts flTDm vhieh Shipped. 


CoAstwifo. 


Foreign. 


Total I'j Seo. 


I<ocal. 


T0t4ll. 


WliitobaTeii 


Tons. 
101,670 


Tons. 
3,441 


Tons. 

104,520 


Tons. 


Tons. 


Worldng'ton - 


134,330 


1,064 


136,303 






Haryport - - - 
Total - 


386,372 


6,446 


302,818 






711,700 


11,851 


723,041 


447,411 


1,171,052 



TABLE, No. 11. 

Produce and Shipments of Coal in Lancashire, Cheshire, Shropshire^ 

Staffordshire, and Worcestershire i7i 18G0. 



Foxti firam which Shipped. 


Cosstwise. 


Foreign. 


Total liy Boa. 


Local 


Total. 




Tons. 


Tons. 


Tonii. 


Tons, 


Tons. 


Chester - . - 


56,838 


200 


57,038 






Liverpool 


234,701 


506,630 


830,340 






Preston - - - 


40,031 


822 


41,753 






Fleetwood - 


23,652 


4,366 


28,018 






Lancaster - - - 


2,532 


2,225 


4.757 






Raneom 

Total - 

1 


• • • • 


016 


016 






358,654 


604,208 


002,822 


10,035,978 


20,508,800 



TABLE. No. 12. 

Produce and Shipments of Coal in Gloucestershire, Somersetshire, 
Devonshire, Warwichshire, and Leicestershire in 1800. 



PiTti from which Sliippc J. 


Coastwiso. 


ForclRii. 


Total l)y Sea. 


Loc.ll. 


TotaL 


Bristol 


Tons. 

674 


Tons. 

10,223 


Tona. 

10,807 


Tons. 


Tons. 


Gloucester 


168,301 


6,355 


82 






Chepstow - - - 


• • • • 


80 


• * a . 






Gloocestershire,' So- "1 
mersetshire, & De- ^ 
vonshire - - 3 


158,301 


16,077 


174,008 


5,328,432 


5,503,400 


Warwickshire 


.... 


• • • • 


. • • • 


545,000 


545,000 


Leicestershire, 
Total 


.... 


• • • • 


.... 


730,000 


730,000 


158,301 


10,077 


174,008 


0,00.'.,432 


6,778,400 
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TABLE, No. id. 



Produce and Shipments of Coal in Yorkshire, Derbyshire, and 

Nottinghamshire in I860. 



Forte from which Shipped. 


CoastwiM. 


Foreign. 


Total by Sea. 


LocaL 


ToUl. 


Qainsborough - 


Tons. 
17,948 


Tons. 

• • • • 


Tom. 

17,946 


Tona. 


Tom. 


Hull - 


10,149 


159,261 


169,410 






Ooole - - - 


96,776 


15,452 


111,228 






Grimsby 

Total 

« 


0,655 


70,943 


80,498 






• • • • 


• • • • 


379,081 


13,844,919 


14,224,000 



From Selbj and several other ports small shipments are made^ which 
are included in the total. Vide preceding tables Nos. 3^ 4^ and 5. 



After the foregoing pages had been read at Birmingham^ Mr. Robert 
Hunt, F.R.S., the Keeper of the Mining Records^ &voured me with an 
early proof of his Mineral Statistics^ from which the following tables are 
derived : — 

Coal Shipments, Foreign and Coastwise, in 1859 and 18G0. 



Coastwiae. 


18£0. 


1860. 


Total 1860. 


Coals - - - - - 
Coke - - - . 
Anthracite - - - - 
Patent Fuel - - - 

Total 


Tons. 

9,913,595 

45,991 

148,247 

29,190 


Torn. 

10,522,120 

40,203 

158.387 

26,197 


Tons. 


10,137,023 


10,746,213 


10,746,913 


Foreign. 


1859. 


1800. 


Totel I860 


Coals - - - - - 
Coke . - - - 
Anthracite - - - - 
Patent Fuel - - - 

Total Foreign - 


Tons. 

6,784,337 

213,579 

9,033 

75,000 


Tons. 

7,060.388 

247,761 

13,683 

90,743 


Torn. 


7,081,949 


7,412,575 


7,412,575 
10,746,913 




Coastwise - 




Total - 


18,289,488 
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Patent Fuel sent from the undermentianed Ports Coastwise to other 

Ports in tlie United Kingdom^ also Foreign. 



Poiti bam which Shipped. 


C0A\twiM. 


Foreign. 


Yalae. 




Tons. 


T.m. 


A. 


Cardiff 


1,245 


7,667 


4,868 


Swaniea - - - - 


21,708 


88,824 


37,766 


Llanelly 


190 


265 


134 


Chester - - - - 


1,694 


• • • • 


• • • • 


Newcastle - - - - 
Total Coastwise - 


1,370 


765 
6,104 


484 
6,828 


26,107 


Exported from London 


- 


„ Bristol - - - - 


697 


604 


„ Li?erpool - - - - 


6,359 


3,916 


„ Shields - - - - 


1,000 


766 


„ Penzance - - - - 
Ardrossan, apparently omitted by Hunt - 

The above value does not include the Coastwise 

that which is exported Fon 


200 


100 


90,701 
60 


£55,366 


Hoke, only 


90,811 


e Coal and ( 
iiffn. 



Coal sent from Ports distant from Coalfield in 1860. 



Port! from which Bbippod. 


Coattwiw. 


Foreign. 


ToUL 




Tons. 


Tom. 


Tom. 


London - - - - - 


2,163 


61,690 




Rochester - - - - 


3,404 


• • • • 




Portsmouth - - - - 


9,688 


• • • • 




"Weymouth - - - 


345 


12 




Plymouth - - - - 


9 


3 




Payers ham - - - 


82 


• • • • 




Boston - - - - - 


1 


110 


954 




Penzance - - - - 






110 




lUmsg^te - - - - 






190 




Sdlly ... - 






281 




Southampton ... 






145 




F^Ie . - - - 






160 




Dartmouth - - - - 






2 




Gainsborough . - - 






3,023 




Lowestoft - . - - 






644 




Harwich . - - - 
Total - - - - 






216 




16,; 


^01 


67,219 


82,920 
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Coah bronghi by Railway and by Sea within tlie London District. 

Tons. Cwta. 
698,418 16 

- 502,813 U 
121,225 16 

- 63,944 
58,490 

- 17,589 3 
14,585 19 

4,416 19 
958 
104 



Bt Railway. 




London and North-Western Railway 


Great Northern 


do. 


Eastern Counties 


do. 


Great Western 


do. 


Midland 


do. 


South-Westem 


do. 


Soath-Eaatem 


do. 


Hertford, Luton, &c. 


do. 


London and Tilbury, &o. 


do. 


London and Brighton 


do. 



Total 



1,477,545 16 



Bt Bxa- Tons. Cwti. 

From Newcastle 1,347,574 

„ Seaham 210,418 

„ Sunderland 977,519 

„ Middlesbro* 61,183 

„ Hartlepool and West Hartlepool - - - 703,836 

„ Blyth 40,986 

„ Scotland 13,002 

„ Wales - - 130,009 

„ Yorkshire and Midland Counties - - - 45,230 

Small Coal 25,047 

Coke 16,671 

Culm 1,902 



Total by Sea 
Total by Railway 
Total by Canal, &c., 



3,573,377 

1,447,545 16 

52,353 



Total 



5,073,275 16 



DISCUSSION 



on 



MK. HALL'S PAPER ON THE KIVERS, PORTS, AND HARBOURS 

OF THE NORTHERN COAL-FIELD. 



The President said — I think^ gentlemen, that the statistical account 
which Mr. Hall has given us of the Northern Coal Districts is most 
valuahley but I think the statement about the depth of water at Redcar 
requires some explanation. 

Mr. T. Y. Hall— I believe it is about forty-four feet at high water. 

The President — There is no dock at Hedcar^ and it must not go 
forth to the public tliat there is a dock there with a depth of water at 
high tide of forty-four feet 

Mr. T. Y. Hall — ^There is something like a natural dock or harbour 
there, about 350 acres in extent, the average depth of water being about 
forty feet. This 350 acres lies between two rocks, which project into the 
sea, and are exposed at low tides. 

The President — Still there is no dock whatever at Redcar at present ; 
that is what I wish to have explained. 

Mr. T. Y. Hall — No; it is sea coast; there is no dock. 

Mr. Wm. Mathews — I have, with the permission of the President, 
to move that the thanks of this meeting be given to Mr. Thomas Young 
Hall, for his very interesting paper, which is most valuable as a contri- 
bution to the statistics of the state of the coal trade of the northern 
districts. For myself, I am free to confess that I am too little acquainteil 
with the character of the district to be in a position to criticise the paper 
we have just heard read, although it may be open to criticism. There are, 
however, gentlemen present who are more intimately acquainted with that 
district, and I do hope that some observations will be oifered on Mr. Hall's 
paper, which admits of discussion, in reference to some of our most 

Vol. X. — BlBMIHQHAM M£ET1N0, JULY, 1801. K 
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important interests. Tliere is one point which I think it is most desirable 
to impress on this meeting*, and that is, that the northern district is not 
only very important in reference to its ordinary mercantile position with 
respect to the coal trade of the whole world, but it is of the greatest 
possible importance witli respect to South Staffordshire in particular. 
The supply of coal in the South Staffordshire district has seriously 
fallen off of late years, and has become quite inadequate to meet the 
demand occasioned by the development of its other manufacturing* 
resources. We are, therefore, oblig-ed to lean somewhat on the aids 
which the produce of the Northern Coal-field oi>ens up to us, and if, by 
any chance, the resources we now enjoy from that and other districts in 
England should be withheld, we should feel the inconvenience of being- 
deprived of such resources very sensibly indeed. I will not venture to 
intrude on the meeting* any observations with respect to the details of 
Mr. Hairs paper, but I do trust that some of the gentlemen who are 
now present from the northern district will enter upon a discussion of 
some of the more prominent points which Mr. Hall has so ably brought 
before the meeting. 

Mr. Potter — I think Mr. Hall's paper has brought the details of this 
important question out in a very satisfactory manner, and I quite concur 
with him as to the advisability of bringing out the coal traffic as much as 
possible in the direction of the Tyne. That would not only be of great 
advantage to the owners of collieries in that immediate district, but also 
to others, for this simple reason, that it would produce a higher rat« than 
elsewhere. On this point I think the paper has spoken very freely and 
j)lainly. 

The PRESiDENT^Tliis paper is very valuable in one point of view, 
which has been referred to in the observations of Mr. Mathews. I mean 
with reference to the bearing and influence which the northern coal 
and ironstone districts must exercise on tlio South Staffordshire ironstone 
district, and the future development of that trade. The whole history 
of the trade of the northern ironstone is, indeed, most curious and 
interesting, lliere can be no doubt whatever that there lias been a 
most extraordinary development of the ironstone of the Cleveland dis- 
trict, mainly in consequence of its connection with the coal-field of 
Duiliam. I believe that the consumption of coal now iised in con- 
nection with the ironworks of that district amounts to something like 
J3,000,00() tons annually. Whether or not, the quality of the iron which 
is made from the ironstone of the Cleveland district alone is such as will 
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oiaUe it to compete with the Stafifordshire ii'on^ and if so^ to what extent 
soch competition will extend^ I am at present quite unable to say, more 
efpedally as I am not at this moment sufficiently well informed as to the 
Tdatiye cost of making the two descriptions of iron. There is ceFtainly 
ample room for a very useful and interesting inquiry into the relative 
qualities and cost of production of iron in each of the districts, for the 
pnrpose of forming some data that may guide us in ascertaining what 
will be the probable effect in South Staffordshire, of the development of 
the iron trade in the Cleveland district, and whether tlie superior quality 
of the iron manufactured in South Staffordshire will enable it to coun- 
teract the eSect of the competition of the chea|)er manufacture of the 
Cleveland iron. I rather suppose, and I fancy it will so turn out, that 
there is room enough' in the different markets for both of them, esi)ecially 
with reference to the different qualities and comparative cost of ])roduc- 
tion of the two qualities of iron. I have followed, as carefully as I could, 
the statistics relating to the different districts which have been quoted by 
Mr. Hall, and, generally speaking, I tliink they are accurate. Of course, 
as far as it relates to the distribution of our local trade, with reference to 
the ports at which it may bo shipped, there is much that is speculative 
in the paper. The improvement of the T)'ne is now in progress, but as 
to the effect which such improvements will have on the local coal tnide, 
it must, of course, be a matter of subsequent oxpenence. It is a some- 
what intricate speculation as to what quantity of coal will be shipped 
from Sunderland, and what from the T^nie and other ports : that depends, 
to a great extent, upon what ports are tlio cheapest to shi^) at, in con- 
nection with the distances from the different collieries, and with reference 
to tolls, dues, facilities of shipping, and other circumstances. 

Mr. Greenwell — I see a line drawn on the map as representing the 
southern boundary of the coal-iield. I wisli to ask Mr. Hall if he has 
laid down that line from any actual observation — whether it is supposed 
that that is the outcrop of the southern portion of the coal measures to 
the surface, or whether it is represented on the map ratlier as the com- 
mercial than the geological boundary ; and if, in point of fact, the coal 
is not supposed only to have dipped down beneath the magncsian lime- 
stone and the red sandstone ? 

Mr. Hall — ^The reason why I conclude this lino to be the southern 
boundary of the coal-field is simply this, — that, although pits have been 
sunk at enormous expense south of that line on the map, the result lias 
been always the same, no profitably workable coal having been found. 
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T believe that the total cost of the pits that have been sank south of that 
line amounts to upwards of £300^000. There have been pits sunk all 
along die line south^ and the result has always been the same. [Mr. Hall 
explained on the map the different positions in which pits had been sunk 
south of the line^ which he had marked on the map as the southern 
boundary of the coal-field.] The fault or stoppage seems to wind round 
by Garmondsway, Ferryhill^ and Auckland^ to Cockfield Fell^ north of 
Raby Castle. 

Mr. Greenwell — I suppose, that if asked to give a professional 
opinion on the subject, you would prefer to call it the commercial rather 
than the geological outcrop ? 

Mr. Hall — Well, at Castle Eden pit it is a geological " crop-out," or 
cessation, for the coal runs up against limestone, and we see no more of 
it. If that limestone be the magnesian, it is about 240 feet lower down 
than one would expect to find it. Half a mile from this point the lime- 
stone itself crops out at tlie surface. 

Mr. Woodhouse — It appears evident to me, from the statement of 
Mr. Greenwell, diat he is able to explain some of the causes of the 
failure of the coal in this direction, and if any sections could be supplied, 
it would be exceedingly useful to geologists to ascertain whether the coal 
ends there, being stopped abniptly by a dyke ; or whether after crossing 
the dyke which exists at the boundary line indicated on the plan, it 
ext4?nds still further to the south and south-east. I apprehend sections 
of those strata on tlie south side of the boundary line have been preserved, 
and could probiibly be produced ; tliey would, I am sure, be found 
to be very useful. There is a similar occurrence in the county with 
which I am connected. I know a colliery which is supposed to bo 
on the very edge of the South Stiitibrdshire coal-field, and where 
the coal comes riglit up to the new red sandstone. It is, however, a 
question of doubt in my mind whether or not the coal extends under 
that formation, and even in the direction of Birmingham. The colliery 
to which I have referred is situate in the neighbourhood of West 
Broniwicli. I cannot help looking at this as a parallel case, and it would 
be exceedingly interesting if sections could be produced, and if we could 
induce Mr. (ireenwell to give us a paper on this subject, for I am quite 
certain tliat the information would be very valuable. 

Mr. Hall — This (exi>laining by the plan) is the outburst of tho 
inaiTuesijin limestone; tlie red sandstone is superimposed, nmning in the 
^a^ll' direction; and above the red sandstone is the lias. 
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Mr. W. Williams — Is not that simply the boundary line of the coal 
as far as it has been worked ? Taking* a line alonf>; the country there 
where the mines have been worked, afler proceeding fift}' or sixty miles 
into Yorkshire^ you might get again into the same measures. It appears 
to me that it is the outside of the field as far as it has been worked. 

The President — It will be seen by the map, tliat the magnesian lime- 
stone after running in a nearly parallel line to the coast from Sunderland, 
trends away south-west to Ferr}- Hill, from whence the outcrop or escarp- 
ment runs more south. Limiting tlie observations to the eastern and 
southern limits of the coal field, below the magnesian limestone and 
superincumbent red sandstone, it must be observed, that the coal-field 
of Durham is in the shape of an elongated basin, the deepest point 
nmnin? into the sea in a south-east line at or near Sunderland. To 
the north of that line tlie coal rises into the sea ; we have not yet ascer- 
tained the point or line of dee]>est depression from Sunderland southwards 
to Seaham, but, following the line of the coast, we know that the coal at 
Castle Eden, Wingate Grange, and South Wingate, rises southward, 
and that the Five-Quarter and Main Coal beds rise into, and are cut oif 
southward by the magnesian limestone ; and this is the case from those 
localities westward. All along tlie southern edge of the coal beds, they 
rise into and are cut off by the magnesian limestone, until they reach 
the escarpment of the limestone, when the outcrop of the coal beds 
pass into the alluvial soil, or, as it is termed, "croj) out to the surface." 
llie edge or boundaiy lintj of the coal-field on the map, from Catitle Eden 
westward to Ferry Hill, shows where the upper beils of coal have been 
cut off, or where tht^y have run up into the limestone, and so tenninated. 
But it has not yet been proved how that affects the deeper beds. The 
deeper beds of coal may extend farther south, underneath the magnesian 
limestone, to what extent is not yet ascertained. Then, farther west 
from Ferryhill, the crop of the limestone trends away to the south, 
and the coal crops out at the surface. With regard to the southern 
boundary of tlie coal-field south Irom Bishop Auckland and Shildon, it 
has not yet been ascertained to what distance beyond the line laid down 
on the map, the coal-beds extend. There has been recently opened out 
lower beds of coal, and these lower beds extend very much beyond the 
limits of the break shown on the map, and alluded to by Mr. Hall. 
Reverting back to the eastern part of the maj), how far the coal measures 
extend to the south-east bovond that line we do not know ; it has not 
lieen yet ascertainetl. As I said before, the coal strata dips underneath 
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tiie magnesian limestone from Sunderland southwards along the line of 
the coast. The magnesian limestone continues until we approach the 
Tees^ when the red sandstone comes in^ resting on the limestone^ and then 
we have the lias and ironstone deposits. A gentleman present^ 
Mr. Marlej^ whose valuable paper on the Cleveland district I have already 
noticed, stated in that paper that the coal measures might, after rising up 
into the limestone, again dip under the limestone and red sandstone, and 
so to be found at the mouth of the Tees. I took the liberty of expressing 
an opinion adverse to that, in the discussion of that paper. You will find 
the whole of the proceedings in the volumes of the Institute, with a very 
extensive set of maps in illustration of the geology of that district. 
Mr. Marley shows the coal, in one of the maps, as dipping underneath 
the magnesian Umestone and the red sandstone, and again rising south- 
wards, in the vicinity of the Tees. I am of opinion that it does not do 
so, but that, when once the edge of the basin of the coal measures rises 
into the oolitic series, there is an end of it; but I should be glad to hear 
any expression of opinion from Mr. Marley on the subject, and I trust 
that he will give us some explanation of his views on this occasion. 

Mr. Marlet— All that my friend Mr. Greenwell and myself wished 
to ascertain from Mr. Hall was, whether the line laid down on the map 
was to be taken as the southern geological outcrop of the coal-field of 
Durham, or whether it was merely the southern commercial boundary ; 
because, if it is merely the commercial boundary, the line laid down on 
tlie plan as the southern outcrop might tend to mislead with respect to 
any future trials for coal. It is quite true that several trials for coal 
have been made along that boundary line, and some seams of coal have 
been bored to on the south of that lino, althougli hitherto the trials have 
been commercial failures. If, therefore, it is put down as the commer- 
cial boundary, it may be taken as correct. With resj^ect to the remarks 
which were made by the President with reference to the continuation 
of the coal-field towards and south of Middlesbro' and the Tees, and 
the allusion he made to my paper on the Cleveland Ironstone, coupled 
with the ju'obability of the continuation of the coal-field in that direction, 
all I contended then, and which I still think I have a right to contend, 
is, that there is not an}' geological fact wliatever ascertained which 
tends to prove conclusively that the coal-field does not extend in a 
southerly direction, and until such facts are ascertained, we have a right 
to assume, inasmuch as there is no prwia facie evidence against it, that 
it may exist. With resjiect to the upper seuias of coal croi)ping out 
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^fainst the limestone, it has never yet, I believe, beon shown roncltipively 
that they come right against tlie limestone. In one cn<o. the tup seam 
comes against the new red sandstone which lies underneath tlie limestone ; 
and what the President said with respect to the outcrop of the coal 
measm^s up to the limestone and red sandstone being the terminus of 
the coal beds, it seems to me that, instead of its being a simpk* outcrop, 
it is a lai^ dip dyke, and so abutting against the red snndstone. I 
think it is probable that the coal-field may be continued farther towards 
the south, and that the supposed terminus is a dip dyke, instead of an 
outcrop of the lower stratii of coal. It has not yet been proved that 
the coal does not there lie below the strata of lias, and its associates^ 
and come out again south of the boundary line marked on the map. 
With the President; I should ratlier contend that, until it has been 
positively proved as a geological fact that the coal-field is not continued 
south of that line, it is possible and probable to prove that coal does 
exist in that direction. 

Mr. Oreexwell — In confirmation of the view which has been taken 
by Mr. Marley^ I may refer to the Red Ruck fault at Poynton, in 
Cheshire, where a stone drifl from the coal goes across the fault, the 
opposite side of it being red sandstone, although the di-ifl is 200 yards 
below the surface. On the one side is the coal, and on the other the 
new red sandstone. It is in tlie Durham case more in the shape of this 
great dyke than that of a simple outcrop. 

Mr. W. Williams — For the information of those who are present, I 
will state what lias occurred within my own knowledge, and which will 
go very far to show that none of us know very accurately the limits of 
the coal-field. I am not a verv old man ; but since I left school I can 
remember land in this neigh)x)urhood which was almost given away — 
sold at £60 an acre freehold — because it was currently believed that there 
were no coal mines imder it. About fifly years ago my father purchased 
property near Tipton and West Bromwich, and he was informed by Mr. 
Holland, who was always held to be one of the first mining engineers in 
the neighbourhood, that the property in the vicinity of West Bromwich 
would never be wortli working as coal mines ; that even if there were 
coal under it, it would never pay the cost of getting, but that he did not 
think there was any. Even as recently as twenty years ago another cele- 
brated mining engineer in that district positively asserted that there was no 
coal in that neighbourhood, and that^ sink as deep as we might, nothing but 
expense would result. I know that there have been several instances of 
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"." ^outb, west, north, and part of the east sides of the coal 

'!;.' Ji;isin complete, either rising out to the surface, or upwards 

- r,iL'rinipnst»d Ijeds of magnesian limestone; except a small portion 

• .. -'luth-eiistern extremity, in the line of the deepest part or trouj^h 
: TiiL- I»:isin, which the interposition of the sea has ])rcn'ented from being 
explored, and it is only in that restricted and com])«ratively small portion 
of the circle of the edges of tlie basin that is tmdeveloped. The mag- 
iiesian limestone, from its dqwsition at the north -eastern extremity, rests 
unconformably uj)on an<l across the trough of the b:isin to the south-west 
extremity of the coal measures, when it reposes in a similar manner upon 
the millstone grit ; and, with the exce])tion of a small jjorticm above the 
centre of the trough of the basin, throughout the whole of that extent, 
the upper beds of the coal me^asures rise up into, and terminate under- 
neath, the limestone. 

Mr. Philip Williams — It is not twenty years since I was at iSeaton, 
in the neighbourhoo<l of Newcastle, when Mr. Buddie and other eminent 
ensrineers contende<l that there was no coal there ; but now Mr. Carer is 
working mines there, and raising large ([uantities of coal at the very sjwt 
where it was so confidently asserted that none could be found. 

Mr. Hall — The limestone on the south side of the boundary line 
extends very much from the sea cotust, and is of great thickness, the 
conserpience of which would be that the coid seams would be thrown 
downwards to a great depth on the south side, so that it would be 
abnost impracticable to work them with any exj nictation of profit, jmr- 
ticularly if the quality be as inferior as that of the coal already found in the 
neighlxturhood. I should think there would be something like eighty 
extra fathoms of limestone to cut through before vou could reach the 
seam of coal ; perhai)s more, if the angle continued (as there is good 
reason to suppose) to dip towards the sea. 

Mr. Han DELL Cossiiam — Mr. Hall, I suppose, is sjieaking of the 
magnesian, and not the mountain limestone ? 

The President — Yes, the magnesian limestone, which, it is stated, 
reposes on the coal measures. 

Mr. Handell Gossham — There is no development of mountain lime- 
stone on the southern side ? 

Mr. Hall — Yes, there is ; but it is to the westward, and so faintly 
delineated on the plan as not to be clearly distinguishable from the place 
where we are standing. At Westerlee (twenty miles west from Castle 
Eden, where w^e fin<l the magnesian limestone cropping out underneath 
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the new red sandstone), there is an outburst of mountain or carboniferous 
limestone. Westerlee, as I have already stated, is 1100 feet above the 
level of the sea. In Castle Eden Pit^ the mountain limestone is 3000 
feet below the magnesian ; and on the Tees, at Yarm and at Croft, the 
new red sandstone and the magnesian limestone are covered by the lias 
formation. If, therefore, there really be coal in this district, it must lie 
at a very great depth indeed, and not likely to justify the expense of 
sinking after it for a long period to come. 

The President — I do not know whether it is necessary to pursue 
this subject any &rther at present In a short time the extended mining 
operations of the district will, no doubt, be so far carried out that the 
subject will be mord fully developed. At present, any speculations as to 
the extent of the coal-field under the superior formation are necessarily 
extremely uncertain. I will now, therefore, call upon Mr. Robert Aytoun, 
of Edinburgh, to read his paper on Safety Cages. 

The thanks of the meeting were then unanimously accorded to 
Mr. HaU. 
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mote getting into his eye, a momentary giddiness seizing him, his candle 
being blown out, being too late in getting hold of the lever — any of 
these occurrences may make him lose the proper moment for arresting 
the cage, when the fate of die occupants is inevitable, unless, indeed, the 
cage happens to be provided with safety apparatus and a disengaging 
catch. In the latter case, the rope is disengaged from the coge before it 
reaches the pulley, and the cage clings to the guide-rods high above the 
pit, with all its occupants safe and sound. It will not do, therefore, to 
say that these inventions may be rendered unnecessary by careful manage- 
ment, when it is notorious that the class of accidents to which they are 
best adapted, are exactly those which are most numerous in shafts, and 
of that character tliat careful management gives no impunity from. 

Nor do I think there is much force in the objection, tliat the use of 
these contrivances would induce mine proprietors to nm ropes, when no 
longer trustworthy. This might have been a good objection if their use 
had been made compulsoiy. But where the manager adopts them from 
motives of humanity alone, we have the best of guarantees against their 
abuse, and we may confidently reckon that untrustworthy ropes will 
never be allowed under his management. 

But the chief objection which has been urged against the use of these 
inventions, is the smtill number of lives lost in shafts, compared with the 
large number of lives lost in the mine itself, by falls from the roof, explo- 
sions, &c. This is a very unfair objection, as it merely amounts to this, 
that there is no use in doing away with a certain number of deaths, 
because there is a much larger number of deaths which we cannot avert. 
But a reference to statistics will at once get rid of this objection, by 
showing the fearful risks which are run in going up and down shafts^ and 
the comparative safety the miner enjoys during the hours he is actually 
at work below. 

By the Inspector's Report just published, we find that the deaths 
occurring in shafts amounted to the number of 180 in the year 1860. A 
simple calculation in the rule of three tells us that if the miners ran the 
same risk, in equal spaces of time, during the twelve hours thoy are engaged 
in working the coal below, as they do during the two minut<»s employed 
in going down and up the shaft, the total number of deaths from all 
causes, instead of being 1109, as in the Report., would have amounted to 
the enormous sum of Co,*220, a rate of mortalit}' that would bring the 
present race of colliers to a close in a couple of years. This serves to 
show the fearfulness of the risk to which the collier is exposed in going 
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to and coining from his daily work, a risk which; I suppose^ woiihl 
Bcaroelj be exceeded if he were exposed for the same space of time to tlie 
bullets in the planes of Solterino or Magenta. 

Snch being the case^ it becomes the imperative duty of every one, 
seooiding to his opportunities, to endeavour to put a stop to these fearful 
xisks. The inventors, I must say, have done their ])arts. Following in the 
wake of Fourdrinier, whq was not slow in taking advantage of the intro- 
duction of cages and guide-rods, they have now brought the safety ajipa- 
ntns to such a state of efficiency and simplicity, tliat it is worthy of being 
tried and tested in every collier}' in the kingdom. If this were done, and 
the skill and tact of the colliery mechanics over tlie wliole kingdom were 
brought to bear upon them, we should soon see them assume such a shape 
IS would leave nothing to be desired. This would lead to other improve- 
ments in the shafts, such as fencing and walling, until at last the risk in 
the shaft would not be greater than in any other part of the mine. Ihit 
whether or not we are to arrive at this happy consummation, depends 
entirely upon those who have the management of our collieries, and, I 
must say, upon the resolutions which such an Institute as this may, and 
ooght to pass, upon this subject. 

Having thus disposed of the various objections which are made to the 
safety cage, and which are neither better nor worse than the general nm 
of conservative objections which have been brought against the use of 
ahnost every invention in turn, I beg leave to direct the attention of the 
Institute to the conditions which are necessary to insure the action of the 
safety cage. I do not here refer to the kind of gi'ip or hold which the 
di£Bsrent safety cages take of the guide-rods^ some of them may bo 
better or worse than others, and members will have no difficulty in 
judging for themselves. But I allude to the conditions which must be 
observed for bringing the safety apparatus, whatever may bo its nature, 
into play. In all safety cages which have been hitlierto brought before 
the public, the safety apparatus is brought into play by the breaking of 
the rope in the following way : — The safety apparatus is provided with a 
spring, which tends to make it grasp the guide-rods. As long as the 
rope is entire, it compresses the spring and withdraws the apparatus 
from the guide-rods. But when the rope breaks, it is supposed to 
release its hold of the safety apparatus, and allow the spring to bring 
it into action by gripping the guide-rods. When the rope breaks near 
the cage, it invariably does so. But should the rope unfortunately break 
fiff from the cage, and perhaps on the other side of the pit-head pulley. 
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the drag of the long part of the rope which is still attached to the cage^ 
called the tail-rope, may prove too strong for the spring, and so prevent 
the safety apparatus from coming into action. The obvious remedy is 
to increase the strength of the spring, so as to overhaul the tail-rope, 
whatever be the amount of the drag. But here we are met with the 
difficulty, that if we increase the strength of the spring beyond a certain 
point, the safety apparatus may chance to be brought into operation, 
although the rope does not break, by the irregular motion of the steam- 
engine, or its too great speed. This difficulty was suggested to me by 
Mr. Woodhouse, when I saw him in London two years ago. The best 
way of overcoming it appears to me to be to ascertain the amount of drag 
in each case, and to make the strength of the springs just sufficient to 
overcome it and no more. If this be done, we are sure of not bringing 
the clutches into action unnecessarily. 

There are two cases. The simplest is where no part of the tail-rope 
acts by gravity against the falling cage. In this case the weight of the 
cage is expended partly in accelerating its own fall, and partly in accele- 
rating that of the tail-rope which is attached to it, and the division of 
that weight is made exactly in proportion to the quantities of matter in 
the two bodies. Hence we have a ready way of estimating the drag of 
the tail-rope. Suppose it weighs one-third of the weight of the cage, 
then three-fourths of the weight of the cage are employed in accelerating 
its own fall, while the remaining one-fourth is employed in overcoming 
the drag of the tail-rope. 

The other case is complicated, by part of the weight of the tail-rope 
acting by gravity against the falling cage. Here we get rid of the com- 
plication by setting aside an equal part of the weight of cage to neutralize 
the portion of the tail-rope which acts by gravity, and by dividing the 
remainder of the weight of the cage, or what I may call its free weight, 
among all the matter which is to be moved according to their quan- 
tities. 

A simple formula, which I give below, will enable any one to calculate 
the amount of drag of the tail-rope in each case. The formula embraces 
both cases mentioned above. 

Let t be the weight of tail-rope. 

(/ that part of it which opposes, by gravity, the falling cage. 

Then the drag = <y + i_x free weight of cage. 

° total weight of cage and tail-rope. 
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r. — ^Loaded cage^ tweoty cwt. ; tail-rope, five cwt. on an 
indmation of one in ten firom drum to pit-head pulley. 

^ = A = i cwt. 
Draffs J + < X free weight of cage. 

total weight of cage and tail-rope. 






cwt. 



The strength of spring in this case should be five cwts. 
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ME. AYTODN'S PAPER ON SAFETY CAGES IN MINES. 



The President, after tlie paper had been read, desired 3Ir. Aytoun 
to explain the two models on the table, it being the wish of the meeting 
that he should do so. 

Mr. Aytoun — ^The manner in which this individual cage [taking one 
of the models in his hand and exhibiting it to the meeting] acts is this. 
There is a clutch here in the nature somewhat of the key used by miners 
in boring deep borings. There are two jaws attached to a lever, which 
they put around the boring-rod and haul it up with. These two jaws lay 
hold of the guide-rods in a similar way, and prevent tlie cage falling, 
and these two clutches are brought into operation by springs below hero. 
As long as the rope is entire, the springs are compressed by a clutch 
lever which presses upon them; but the moment the ro])e breaks, the 
springs come into }>lay, knock down the end of the lever, and make the 
clutches seize hold of the guide-rod [holds the model up, releases the catch 
attached to the cage as if broken by an accident, and shows the operation 
of the clutches in seizing hold of the guide-rod], Nothing you see can 
be simpler or more effective. There are a number of other contrivances 
and inventions made use of by others, which are exceeilingly good, but I 
believe this is the only one which applies to wire-rope guide-rods, as well 
as to the ordinary wooden guide-rods. This [showing the otlier model] 
is an instance in which I applied it to iron guide-rods. Hero is a hole 
made in a piece of iron, which serves for a slide along tho guide- 
rod, but the mode in which it operates is this — the moment the rope 
breaks, it catches hold of tho guide-rod, and then the same results 
follow as before [repeats tho experiment with the second model, showing 
how the cage is held suspended in case of the fracture of the rope]. One 
advantagfe of the clutch which I have adoj)ted is this, that it makes no 
impression whatever on the guide-rod. I have repeated this experiment 
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an innumerable number of times^ and this [showing the sur&ce of the 
gfuide-rod in the model] is all the injury that has been done to it. I 
now exhibit this disengaging catch [detaching it from the model and 
holding it up]. The rope is fastened to the shackle at the top, and the 
cage to the catch below. There is a ring of strong iron, sus- 
pended below the pit-head pulley and the rope works through it. 
Now, in the case of over- winding, that disengaging catch passes through 
the ring, and is compressed, the cage drops, and is arrested by the 
clutches before mentioned [holds up the ring, compresses the spring, and 
shows how the cage is disengaged and arrested]. 

The President — ^When the springs are compressed, they are of a less 
diameter than that of the ring ? 

Mr. Aytoun — Quite so. When this goes through, it just shuts this 
part [releases the catch, and explains the operation]. One advantage in 
this, which I have not seen in other catches, is this. As long as the plates 
remain in this position [describing the position by exhibiting the model], 
there is no possibility whatever of the cage being disengaged. Holes 
are bored through all these plates, and a strong bolt is put in and rivetted, 
to prevent the possibility of the cage disengaging itself^ but when it 
goes through the ring, the bolt is cut just as cleverly as it would be cut 
by a pair of shears. 

The President — I presume the best course to adopt will be to have 
these models exliibited in the model-room, so that any gentleman 
interested (and I suppose most of us are) in the subject can examine 
them in detail. At the same time, I am quite sure that Mr. Aytoun will 
be happy to answer any questions which may bo put to him on the 
subject. 

Mr. Handel Cossham — I quite appreciate the object of the paper 
which has just been read to the meeting, but I must confess that I cannot 
but think there is always great danger in carrying these matters, which 
have reference to arrangements for securing safety in the working of the 
mine, too far, and I aiu afraid that very often their eifect is, that by 
taking the responsibility off the shoulders of the enginemon to a certain 
extent, you are apt rather to increase the very danger which you are 
anxious to prevent, rather than to lessen it. I remember seeing a con- 
trivance of this kind adopted in the Forest of Dean, and when the rope 
was run up, it caught the cage, and fiiUy answered the purpose. Subse- 
quently the cage was accidentally drawn up, and thus the whole concern 
failed. I do not mean to say that the invention at present under 
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discuBsioii is not a good one^ and one that is calculated to lessen danger, 
in the case of a rope breaking or of overwinding, but I think that the 
iBBult of adopting inventions of this character must naturally be, that the 
enginemeD will feel themselves released from a portion of their responsi- 
bOity, and may become proportionably careless, the result of which may 
be accidents of other descriptions. It strikes me also that several things 
most necessarily be assumed in reference to this invention. We must, 
ftr instance, assume that if the cage drops, the guides will be sufficiently 
strong, because I presume that if the guides broke, the cage would go to 
the bottom. 

Hr. Attoun«— Certainly, and so it would in ordinary cases if the rope 
only were to break. You now assume that something additional, namely, 
the guide-rod breaks. 

Mr. Kandbl Cossham — ^It also appears to me that a spring like that 
described would be very liable indeed to derangement. All things in 
connection with springs, we know, are peculiarly liable to derange- 
ment, from the number of causes natural and otherwise, which at different 
times a£kct the elasticity, and consequently the grip of the spring. This 
inrention assumes that the springs are all right, the guides are all right, 
and the cage is properly fixed. I hardly know what opinion to give with 
respect to an invention based on so many assumptions. 

Mr. WooDHOUSE — Without entering upon any inquiry as to what will 
probably be the result of the invention described in the interesting paper 
which has been read to us, I think Mr. Cossham will agree with me that 
it is hardly &ir to draw a conclusion prejudicial to the utility of an inven- 
tion, by assuming that its several component parts may not be in working 
order, or may be imperfectly formed. On the contrary, Mr. Aytoun, in 
my opinion, has a perfect right to assume that the springs will be strong 
enoogh, and the guide-rods of such a description as to resist the pressure 
of the springs without breaking ; he is also entitled to assume that the 
slides will be strong enough, and that the whole of the machinery is in 
good working condition. Certainly no one could advocate the adoption 
of an invention of that kind, if it could be shown that it was liable to 
get out of order every minute. Probably we shall have some further 
opportunity of testing the merits of the invention. 

Mr. Handel Cossham — I may mention that, among others, I have 
seen a very good arrangement in the safety break of Hogden, by which 
the engine is pulled up before the cage gets to the top -, and if the engine- 
man forgets his duty, there is a finger which catches the cage, and puts 
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on the brake. I have seen several cases in which the cage has been 
pulled up within a yard, even when the engine has been running full speed. 

Mr. Fbredat Smith — I think one cause of accidents in coal pits, 
allied to the class which is now under discussion, arises from forgetting 
that the greatest strain on the rope is at the first starting of the engine. 
As an illustration, suppose a heavy waggon, on an ordinary road, with 
horses attached to it ; the greatest strain is on the first moving of the 
waggon ; once in motion, the strain is less. It is clear, also, that the 
strain is greatest in starting the load from the bottom of the shafl ; I have 
tried the effect of a spring immediately over the cage, and not only is 
it a saving of the strain on the rope, but I believe it is a great security 
for the life of the men ; and that a mine is much safer where this 
principle is adopted than where it is not adopted. I am particularly 
grateful to the gentleman who has read this paper, for drawing attention 
to the counteracting influence of the tail-rope in the case of a firacture 
a long way above the cage. I believe the reason of the accident to 
which Mr. Gossham has alluded, being so disastrous, was, that they were 
not able to counteract the action of the spring, when the rope broke 
many yards above the cage. I think that this invention, if it is properly 
worked out, and its details attended to, will prevent the occurrence of 
many fiital accidents. 

The President — I believe the spring to which you allude is very 
extensively used in the North of England, but I am afiraid that practi- 
cally they lose their elasticity by continual action, especially where the 
action loaded is upwards of 1000 times a day, and with the empty tubs 
as many times. This has always been felt as one of the difficulties which 
is experienced in the use of the spring, and probably if the attention of 
the gentlemen who are present were directed to this defect, a remedy 
might be discovered. It is certainly very important to prevent the shock 
and strain upon the rope on the lift of the cage firom the bottom of the 
pit, and also any irregularity of strain wliilst drawing the tubs to bank, 
and I think we are much indebted to Mr. Aytoun for bringing the sub- 
ject before us. It is very imi)ortant, inasmuch as we have occasionally 
accidents arising from the machinery getting out of order, and it is very 
necessary that we should not cease in our endeavours to make those 
improvements which may tend to the safety of the men. I think the 
present invention is well worthy the attention of the trade j it seems a 
simple one, and well adapted to accomplish the object, and it is, there- 
fore, well wortliy of consideration if it can be effectually carried out, and 
brouj^'ht into general operation. 
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Mr, Pbhbdat Smith — I observed, Mr. Aytoun, that you stated, while 
quoting the report on accidents in coal mineij, that the total number of 
•eddents in shafts for the year 1860, of a fatal character, was 182. I wish 
to know whether these accidents were all caused from the breakage of the 
npeS| or were they accidents in shafts from various causes ? 

Mr. Arrouir^Accident^ in shafts from all causes. 

Mr. Berkley — I think it will be found, on examination, that by far 
tbe greatest proportion of the per centage of deaths in shafts is owing to 
other cauBes than the want of safety in cages, and that the improvement 
in cages will not materially decrease tliat per centage, even supposing 
diat they are made perfectly safe. Many accidents occur by falling out 
of cages^ by stones falling, by men falling when in the shafts, and tlirough 
other oanses not remediable by this invention, and which have nothing 
whatever to do with the safety of the cage. 

Mr. Attoux — I quite admit that, but I think that if you were to 
make the cage perfectly safe, you would soon turn your attention to 
making the walls of the shaft safe, and every part of the transit from top 
to bottom perfectly secure. 

Mr. Daolish— There seems to be another objection to the use of this 
aafelj oage in very deep shafts. Supposing the breakage of tlic rope to 
oocor near the lift, the question is, can the guide-rods be made sufficiently 
strong to bear the weight of tlie rope falling down the pit, some of these ^ 
ropes weighing something like five tons each. I am aware that various 
arrangements have from time to time been used for securing the safety of 
the cages in the North of England, but I believe they have all been 
abandoned, from their liability to become deranged, and I very much 
fear that the gfuides could not be made sufficiently strong to resist the 
momentum of the falling ropb. 

Mr. Aytoun — I should suppose that there could be scarcely any 
danger of that, because the guide-rods could be made of any strength you 
please. There is not the slightest danger of the guide-rods not being 
sufficiently strong. The five tons of rope would, of course, come down 
gradually, and their accumulated weight would only make the hold the 
more secure. The principle of this invention is, the greater the weight 
the stronger the bite. Tliere is absolutely no possibility of releasing it. 

Mr. Daolish — Precisely so, supposing that the material will resist the 
weight. 

Mr. Aytoun— We will take the best and the strongest material. 

Mr. Daolish — I merely raise this objection to the general principle, 
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for the consideration of the meeting^ and not in its application to this 
special invention. 

Mr. Greenwell — Have these springs been in use in any colliery long 
enough to show to what extent they deteriorate, or whether tiiey are open 
to the objections which have been urged against them by Hr. Gossham ? 

Mr. Landale — I have had Mr. Aytoun's cages constantly in use at 
one of our pits for upwards of two years, and I can give my testimony 
in favour of them. They answer very well, and the expense of keeping 
them in order is very trifling. The cages are regularly examined to see 
that they are in working order. The springs have occasionally been 
tempered afresh, and after being in use for two years the whole apparatus 
is as good as ever. As to the strength of the guide-rods, I may say that 
they are four inches square, and there are four guide-rods to each cage. 
They have been repeatedly tested with a weight of two tons on the cage, 
and the indentation it makes is very trifling indeed. There is also 
another point of advantage, the catch itself, when disengaged, does not 
seem to drop in any degree : it catches immediately, so that the moment 
the cage drops, the catch operates within two or three inches. Of course 
it catches before any momentum is gained, and there is no kind of jerk 
brought on the rod. The simplicity of the whole thing is its great 
recommendation, and another advantage is, its being so easy to keep in 
order. Mr. Aytoun has suggested an improvement, whereby the springs 
do not require to move nor the joints of the lever, which, I think, may 
be an improvement, but not having tried it, I cannot speak with any 
degree of accuracy respecting it. 

The President — Do you find the tendency of the spring is to become 
weak and inelastic by continuous use ? Have you made any experiments 
in order to ascertain the effect of continual use upon the elasticity of the 
springs ? 

Mr. Landale — Yes ; most of the gentlemen here will have experienced 
this in various ways. All springs, particularly those that are exposed to 
heat in steam engines, very soon lose their elasticity. I have, therefore, 
looked carefully at that point. 

Mr. Berkley — About what quantity of coal is drawn per annum in 
the colliery in which this safety cage is in operation ? 

Mr. Landale — The colliery is not in full operation yet. It draws 
j)robal)ly about from 60 to 100 tons a day. 

Mr. Dickinson — I think it would be a very unfortunate thing indeed 
if the merits of this invention should be talked down by some of the 
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mining eng;iiieers who have had no practical experience of its working. 
We are too &r off the model here to see what is the nature of its 
constmetion, hut in Lancashire and Cheshire, where there are a 
large number of safety cages working, their introduction has been 
attended with the greatest possible success. They do not always catch 
the cage, it is true, but I should say that in twice out of thrice they 
do so most successfully. We have at least 100 of diem, and seventy per 
eent. of them have proved a great success. I do not mean to say that 
the cages are everything which they might be, even now. No doubt 
diey are susceptible of improvement, and perhaps if this one were nar- 
rowly examined, some further improvements might be pointed out. 

Mr. Hood— On the simple question of the springs, I may be allowed 
to state that many of these safety cages are used in our pits in the neigh- 
bourhood of Glasgow, and we find the springs last three or four months, 
bat at the end of that time they get weaL We have had several acci- 
dents £rom overwinding, and I am happy to say that in every case the 
safety apparatus has operated successfully. In one case the cage went 
up past the head of the winding machinery, and through the operation 
of the safety apparatus, it was firmly fixed, notwithstanding it had more 
than a ton weight on it. I have had frequent occasion to see the arrest 
of the cage through the working of this invention, and can bear testi- 
mony to its great utility. 

Mr. Frederick Smith — After what has been said about springs, I 
cannot allow this opportunity to pass without testifying to tlie great advan- 
tage of springs, especially when used under certain circumstances, such as 
the raising of water barrels. ^Vhen these springs are used on the com- 
pression principle, and not on the expanding principle, they are certainly 
found, as &r as my experience enables me to judge, most effectual, and 
to ensure the greatest amount of safety to the miner. The result of the 
use of such springs is, that the rope will endure a much longer period of 
time than it would if they were not used, and indeed in some cases the 
presence of such springs will ensure the rope or chain lasting twice as 
long. 

Mr. Daglish — In reply to Mr. Dickinson's observation, I am sure 
there is not the slightest wish in the world to talk down this invention, 
and, indeed, the very fact of the discussion having been so prolonged, 
shows that there exists only one desire on the part of those present at 
this meeting, and that is, to elucidate die truth. Safety cages in various 
forms have been tried at several large collieries, and have been found not 
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to answer, and tiherefore it was quite necessary that gentlemen present 
who hare tried them^ should give the result of their experience. When- 
ever any invention of this kind is brought forward, it is necessary that it 
should be well ventilated before it can be expected to be brought into 
general operation, however valuable it may apparently be. 

Mr. Matthews — I may state this in favour of springs, namely, that 
some time ago we used a biting apparatus at the end of the rope, but it 
did not answer. We have taken that off, and have now adopted springs 
on the portion of the drum where she takes the ^ift. So far as we liave 
tried them we have found them answer much -otter. They are placed 
round about one-fbiurth of the drum. 

The Presidbxt — Instead-'bf the springs being at the end of the 
rope ? * • - • 

Mr. Matthews— Yes ; we added them to the drum where she takes 
the lift 

Mr. WooDHOUSB— There was one observation which was made by 
Mr. F. Smith— I think he mentioned the drawing of water barrels —will 
he allow me to ask whether therounding-off of the barrels had not some- 
thing to do with lessening the resistance ? 

Mr. Frederick Smith — ^There is a valve, and that is to be consi- 
dered in the rounding-off process. 

The President — Still I am afraid the rounding-off would not over- 
come the vis inertuB ? 

Mr. Frederick Smith — No; but it would lessen it. 

The President — Have you examined the cage now, Mr. Dickinson ? 

Mr. Dickinson — Yes, I have; and it seems to me to have some very 
good points about it. The only thing which I do not like is the twisting*. 
There is no such objection with respect to Owen's apparatus which we use 
in Lancashire and Cheshire. The practical difficulties of cutting where it 
does not act are entirely got rid of, and it is a great success in seventy 
cases out of one hundred. 

Tlie President — Gentlemen, I beg to move that the thanks of the 
meeting be given to Mr. Aytoun, for bringing the matter forward, and 
for the able paper which he has read. 

The motion having been seconded, was carried by acclamation. 
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NOBTHEEN END OF THE BEISTOL COAL-FIELD. 



By HANDEL COSSHAM, Bristol. 



I AM a little fearful^ that in undertaking the responsibility of attempting 
to give jou information relative to the subject of this paper, I am almost 
laying myself open to the charge of presumption, for I am quite aware 
that there are many members of the Institute far more capable of writing 
a paper on this subject than I am. 

I felt, however, that I should not be justified in withholding any 
information I could afford, however slight, on a subject which I have had 
many opportunities of investigating during tlie last fifteen years, and as 
fiEff as I am aware no paper has yet been laid before this Institute 
directly bearing upon the subject I have engaged to treat. 

Mr. Greenwell has, I know, written, and written well, on the southern 
end of the Bristol coal-district, and it is my intention, therefore, specially 
to confine my remarks to the nortliern end of this small, but interesting 
coal-field. 

And, first, let me call your attention to the boundaries and area of the 
district on which this paper is intended to treat. It is pretty accurately 
defined by the geological survey maps, and also by the large map, which 
I have had specially prepared for the purpose of illustrating this paper. 
(See map 1.) A glance at this will show you that the northern end is 
clearly shown by a well-defined ridge of mountain limestone, which rests 
upon a base of old red sandstone, wliich can be seen backing the lime- 
stone round most of the northern end of the coal-field, and is well deve- 
loped at the north-east end of Wickwar tunnel. 

The mountain limestone at most of the points where it can be seen 
round this part of the basin, dips in^o the field at angles varying from 
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80^ to GO^^ and abounding in the principal fossils of this period, inclui 
those members of the braMopoda class, consisting* of prodiictus, 
rhfnconellay orthis, terebratuUe, and various remarkable corals. 

The mountain limestone in this district is from 600 to 1000 
thickness, taken at riglit angles with the dip, and is also distingui 
by having a thin bed of coal about six inches thick some 200 yards 
its upper surface, and which can be seen in that magnificent section Q 
haps the finest in the world) at the side of Uie Avon at Bristol, 
section No. 2.) It may not be altogether out of place for me to 
here, that this gorge of the Avon developes one of the most remar] 
and beautiful " faults " that is to be seen in any part of the oomi 
the result of which has been to throw the millstone grit ovef; and 
it into the crevice formed by the rupture, and which now forms 
beautiful nightingale valley so interesting to lovers of fine scenery^ 
well as to lovers of a more interesting kind. 

One i)eculiarity of this fault is, that the grit continues to sink here 
the extent of several inches every year, and is also bent and contorted ^S 
the most striking and interesting way. Before (quitting the mounta:::^ 
limestone series, I may remark tliat perhaps in no part of the world CQ^ 
diis rock be better studied tlian in the neighbourhood of Bristol. 

Immediately upon the mountain limestone we have well developed tli< 
millstone grit, whicl^' as usual, is thickest at the nortliern end, developinj 
at Gromhall and X^te to the extent of 400 or 500 yards in thickness. I' 
is, as far as I know, barren of coal seams, but round some parts of the 
district is so fine grained and silicious that it is well adapted for grinding 
up to make fire bricks, and when mixed with a portion of a suitable fire 
clay, will make a very useful and valuable fire brick. I have lately used 
considerable quantities for this })urpose, in the proportion of about three- 
fourths of ground grit rock with one-fourth of the fine china clay from 
Cornwall, which, as you are no doubt aware, is composed of the disinte- 
grated felspar, washed down from the granite hills of that interesting 
district. 

Having spoken of the rocks that form the base of our coal-field, lot 
me now give you, as accurately as possible, its area. 

Taken from the north end at Cromhall to the apex of the anticlinal 
that crosses the field from east to west at Kingswood, its length is ten 
miles ; its widest part is in a line with the said anticlinal, and is seven 
miles; its average width, however, cannot be taken at more than five 
miles, and the area is therefore about fifly square miles. The portion of 
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10,000,000 tons of which I estimate is alraadj worked, leavin;^ 30,000,000 

""•aiore to be wroiig-ht by the energy, capital, and skill of the future. 

1^6 present output of this series I estimate at about 250,000 tons a 
J*, and at tlie present rate of production, therefore, this part of the basin 
"31 be exhausted in 120 years. The coal in this series is highly bitu- 
taaoas and Iree-burning, and is chiefly adapted for household and gas 
piiiposes. A great north and south fault passes through the series, and 
*«ii[)|etely divides the Coal Pit Heatb Collieries, on the western side, 
from the Park Field, Brandy bottom, Dudley Pit, and Shortwood Col- 
lienes on the eastern side. It is a iault that raises the strata on the 
WBrtern side from 200 to 300 yards, and I believe was caused at the time 
when the aUurian rocks of Mayhill, sear Gloucester, were upheaved, a:* 
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the fault can be distinctly traced from that point through the centi 
the coal-fieldy and for many miles south of Bristol. 

In the Pennant series^ which immediately underlies the above, . 
seams have been noted^ but I only know of three that are workal 
They are respectively called 

Ft In. 

The Cock 2 2 

The Hen 1 10 

The Chick 10 

Total - . - 5 

The total area of Uiis series is about eight square miles^ or 6120 acres . 
and taking our former estimate of 1250 tons to the acre per foot thick, 
tliat will give 6250 tons to the acre in the tliree seams named, and a total 
quantity in the series of 31,500,000 tons. Very little of this coal has 
been worked ; but as the sinking is excessively hard and very heavily 
watered, and as the roof over the coal is in most cases rock, and yields a 
large amount of water, and, Airther, as over three-fifths of the entire area 
the depth would be very considerable, I think that we ought not to take 
the coal that can be worked at a profit from this series at more than 
10,000,000 tons. This coal is chiefly adapted for smitlis' purposes, and 
is very friable and soft in its nature, yielding a large proportion of small. 

The Pennant rock is a silicious grit rock, intei*stratified with thin beds 
of ironstone and bands of coal, and in some parts with coal shales, and 
forms a very distinguishing feature of all the coal-fields in the south- 
western district of England and Wales. It derives its name from a place 
called Pennant, where it developes very finely, in South Wales. (See 
soction 4.) 

I now come to the largest and most important division of seams in the 
Bristol Coal-field, namely, that series immediately below tlie Pennant, 
and which I estimate at 900 yards thick. I take the total area of this 
series to be forty square miles, and supposing we deduct the eight square 
miles covered by the last series (the Pennnnt) as being too deep to work, 
and suj)pose we also deduct seven square miles more for the coal already 
worked, wasted, and faulty, we then have twenty-five square miles 
left to work, and I think we may fairly calculate upon having that quan- 
tity, II ml in this series I estimate there are fifteen veins of workable coal 
(excluding all under fifteen inches thick), of an aggregate thickness of 
three feet, and taking our former estimate as the basis of our present 







calcalataon, we arrive at the cdqi^ysi^ltfiat there are 37,600 tons to the 
acre in this series, or 24,000,000ton8 to the mile, and 600,000,000 tons 
yet to work. 

This coal varies a good deal in character, but it maj chiefly be regarded 
as a half-bituminous and half-steam coal. The dip is also various, but 
may be taken as varying from 15^ to 45^ in the collieries now worked. 

It is in this series that the celebrated Kingswood Collieries have been 
worked for the last 150 or 300 years ; and we have now pits working in 
the veins in this series to a depth of from 400 to 600 yards. A railway 
is now being constructed across the western side of our coal-field, to 
connect Bristol with the South Wales line ; and I have no doubt that 
this will open up the veins in this series very extensively by and by. 
It may also be taken as a rule, that the veins below the Pennant are not 
so heavily watered as those in and above that rock. (See section 6.) 

I now come to a Yory difficult question, viz., the identity or otherwise 
of the Bedminster veins with the Kingswood and Easton, and I have 
been led to alter the views I once held on this point, and to come to the 
conclusion that the Bedminster viens are hel6w the last-named series ; 
for I find it impossible to identify the sinking in the two collieries. 
There is a mucL greater proportion of stone in the sinking at Bedminster 
than at Kingswood, and the veins are mucli more sparingly deposited. 
Only four veins are found in the Bedminster series, and of these only 
two are workable, and these are called 

Hie Top Vein 3 O" 

The Great Vein 3 6 

Total .-70 
If I am correct in this opinion, it follows that these viens would be 
found under the Kingswood veins ; and at Soundwell, I am informed, 
the strata below the Great Vein at Kingswood was proved for ninety 
fathoms, without cutting the Bedminster veins, and it follows, therefore, 
that if there, they must exist below that depth ; and I think the proba- 
bility is they are some 160 fathoms below. 

It is, of course, difficult to calculate the workable area on these veins 
with accuracy. The probable extent they cover is about forty-five square 
miles, but I think, at any rate, we must deduct twenty-five square miles 
from this for coal worked and out of reach. That would leave twenty 
square miles yet to work, which, at seven feet thick, would g^ve an aggre- 
gate quantity of 112,000,000 tons, being 8760 tons to the acre, and 
6,600,000 tons to the mile. (See section 6.) 
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The ground below this has been proved to the Ashton or lowest series, 
and they are about 200 yards below the last, or Bedminster series \ and 
here there are three principal seams, namely : — 

The Top Vein 3* 6* 

The Great Vein 4 

The Little Vein 2 4 

Total . - 9 10 

These veins are somewhat irregular^ and it would not be safe to calcu- 
late them at more than nine feet thick. They are, no doubt, analogous 
to the Vobster seams at the south end of our coal-field, near the 
Mendip Hills. 

The coal is exceedingly friable and non-sulphurous, and well adapted 
for the manufacture of iron — showing the wisdom and benevolence of 
Him by whose power and skill our globe was arranged in its present 
state, and made fit to be the abode of man, ^in thus placing this coal 
nearest to the most extensive beds of ironstone in the district ; for we 
find several important and useful bands of ironstone in this series, and 
which have lately been brought into use through the enterprise of 
Messrs. Ejiight and Co. 

The quantity of coal that can be worked from these veins is an inte- 
resting question. I estimate the entire area of the series at fifty square 
miles, and at nine feet thick would give 11,200 tons to the acre, and 
7,240,000 tons to the mile. I think, however, we must deduct thirty-five 
square miles for coals worked in these veins and out of reach, and that 
would leave 108,000,000 tons as the total quantity to be expected from 
this series. 

Let me now summarize the results at which we arrive. Thev are as 
follow : — 

Tons to Work. 

Above tlie Pennant .... 4 seams — area, 5 sq. miles — thickness, 10 feet 80,000,000 

In the Pennant 3 „ „ 8 „ „ 5 „ 10,000,000 

Kinfc'swood series 16 „ „ 25 „ „ 30 „ 600,000,000 

Bedminster veind 2 „ „ 20 „ „ 7 „ 112,000,000 

Ashtonseries 3 „ „ 15 „ „ 9 „ 108,600,000 

27 workable veins. Total thickness, 61 ft. 800,600,000 

This gives twenty-seven workable seams, of an aggregate thickness of 
sixty-one feet, and a total quantity of 800,000,000 tons to work, and I 
think it not improbable that 1000 millions of tons may yet be worked 
fi'om the northern end of this coal- field. 
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There are one or two other points of interest which^ with your per- 
mission^ I will refer to. 

1st That with very slight exception the whole of this field is free from 
carhuretted hydrogen gas^ and it would no doubt be a most interesting 
enquiry as to why that is the case. 

2nd. With one or two exceptions this field gives the greatest aggregate 
thickness of coal of any field in this country. 

8rd. The dislocated and contorted character of our basin makes it 
exceedingly difficult to work out^ and obliges me to speak with more 
caution and care than would otherwise be quite justifiable^ and somewhat 
confirms the statement once made by, I believe^ that eminent geologist^ 
Sir Henry de la Beche^ that any man who could work out the geology 
of twenty-five miles round Bristol, was fit for investigating the geology 
of any part of the world. 

4th. The overlie over the Bristol coal-field is remarkable and inte- 
resting, consisting of the new red marls, the lias, and sometimes the 
oolitic, and no doubt, but for this covering, the Bristol coal-field would 
have been much more exhausted than it is. 

5th. I believe a good deal of hematite iron ore might be obtained 
(though chiefly lying in pockets) in the mountain limestone and pennant 
rock, and that bands of carboniferous ore could also be worked in the 
Eingswood and Bedminster, and more extensively in the Ashton series. 

6th. I have not said much about the Yate seams, which develope at the 
northern end of our coal-field, and it is extremely difficult to identify 
these with any of the others to which I have referred. The character of 
the coal is adapted for locomotive purposes, but is very inferior as a house 
coal. The Pennant and millstone grit are here brought within 100 yards 
of each other, and it is evident that a large proportion of the seams 
below the Pennant have been denuded, ^nd the others are pinched up and 
lifted to an angle of some 45^ and above. 

7th. There is another point I think it right just to notice, namely, the 
nature of the rock forming the anticlinal axis at Elingswood, which is 
shown on the Government survey maps as "grit;" but I am quite 
satisfied, after a careful examination, that it cannot be the real millstone 
grit, as the coal is found below it in regular order. I believe it to be one 
of the sandstone beds of the coal measures brought to the surface, and 
which has somewhat deceived our geological survey friends. At the same 
time I may remark that I believe the same upheaval that lift^ed this anti- 
clinal axis also split the mountain limestone at Clifton, causing that deep 
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gorge to which I have previously referred, and also that very remarkable 
dislocation at Wick^ on the eastern side of our coal-field. 

I hope I shall be excused for having detained you at such length on 
this subject. It is one that is interesting to me both geologically and 
commercially, and I think the best way to increase the valuable fund of 
information already collected and published by this Association, is for 
every member to contribute his quota in the district with which he may 
be more especially connected ; and hoping you will excuse the imperfec- 
tions in this paper, which has been very hastily put together, I now beg 
to place it in your hands. 
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ON THE SOM£BSETSHI£E SECTION 



or 



THE BRISTOL COAL-FIELD. 



By G. C. GREENWELL, Bristol. 



Taking the river Avon as the northern boundary of this section, the 
remainder of the boundary of it may be taken approximately to pursue 
the following line. 

Commencing at Ashton, it takes a southerly direction to Winibrd and 
West Harptree : thence it passes south-east to Chewton Mendip, and 
Ashwick : thence east to Coleford and Mells. From this latter pointy 
northward^ we have no means of knowing what the fact may be, owing 
to the cover of the older strata by the lias and oolite ; but if we take the 
position of the mountain limestone into consideration, as developed at 
Frome, Wick, and Chipping So<lbury, we may be justified in assuming 
that the east boundary of tliis division of the Bristol Coal-field will be 
from Mells to Frome, and thence by Norton St. Philip to Bath. 

This boundary incloses an are^ of about 150 square miles. The 
greater part of it is covered by the overlying formations^ and where the 
swrfsLce of the country is most elevated we find the greatest number of 
them. ThuSy while in the valleys of liadstock and Radford^ the coal 
measures are only covered by the magnesian conglomerate and new red 
sandstone^ on the more elevated positions of Norton Hill and Timsbury^ 
they are covered by the lias^ and still higher, as at Braysdown 
(about six miles south-west of Bath), the coal shaft commencing in the 
inferior oolite, passes through, in succession, the lias, new red sand- 
stone, and magnesian conglomerate, before penetrating the coal mea- 
sures. 

From the circumstance that these upper formations are unaffected by 
many of the great faidts which intersect the coal measures, and from 
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their horizontal character^ when uninfluenced hy those dislocations which 
have occurred since tlieir deposition^ it may fairly he inferred tliat at one 
period the whole of this district was overliEiid by them, and that except- 
ing so far as depressions have been occasioned by the more recent con- 
vulsions of nature, the present condition of the country^ as to their 
presence or absence^ is the effect of denudation entirely. 

The coal measures of this district seem to form themselves vertically 
into two great divisions, the upper division resting on the Pennant rock^ 
and the lower lying between the Pennant rock and the millstone grit, 
which occupies here the same relative position as in the other great coal- 
fields of this country. 

I propose to describe these divisions separately. 

1st The Upper Division. — ^The upper division, the probable thickness 
of which is not less than S500 feet of shales and grits, with coal inter- 
si)ersed, subdivides itself naturally into two series of coal-bearing strata, 
separated from each other by from 500 to 600 feet of strata barren of 
coal : a prominent member of which is a stratum of red and green shale 
of 150 feet in thickness. The upper or first of these is sometimes called 
tlie first, and sometimes the Radstock series, and where this series is 
found at its greatest depth from the surface, the coal measures of Somer- 
setshire present their deepest section, their entire thickness probably 
not being fiar short of 9000 feet. 

The extent of the first series proved is limited ; it does not in all pro- 
bability extend beyond a line drawn from Farmborough by Dunkerton, 
Poxcot«, from this to a mile south of Radstock, and thence by Midsomer 
Norton to Paulton. Between Paulton and Farmborough the limit is 
not known with exactness, and it may extend considerably north-west 
of a line between these two points. 

Tlie area comprised within these limits is about sixteen square miles, 
and tlie thickness of workable coal contained in it (although the aggre- 
giito thickness of the first series is not unfrequently eleven or twelve 
feet) cannot, I think, be taken as an average at more than eight feet, as 
generally, either in one place or another, one or two out of its six seams 
of coal is found in an unworkable state. 

The seams of coal contained in the first series lie in about 360 feet of 
stratification, and the depth of the lowest, at the bottom of the basin, is 
not more than 1200 feet. The quality of the coal of this series is gfood, 
and adapted to household purposes, being very durable, and producing a 
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deUf hot fire. It is a coking coal^ but the coke produced from it is 
Bulphury and of an inferior character. 

It is not my intention, in this paper^ to give the details or sections of 
the TarioQB coal strata and seams of coal, as I have ah-eadj, so far as 
would have been admissable into a paper of this character, done so in a 
paper read at Newcastle in 185^, and in another read at Cardiff in 1858, 
and more particiilarly as I hope shortly to present a paper to this Insti* 
tnte, containing these details in fiill. 

I may mention that the coal of this series is absolutely free from fire- 
damp. The roo& are usually blue shale, and the thills a coarse fire 
clay. 

The Second or Farrington Series, — From the top of the strata con- 
taining this series (imo^^diately underneath the red and green shale before 
alluded to) to the top of the Pennant rock may probably be from 1000 
to 1200 feet. 

According to Messrs. Buckland and Conybeare ('^ Transactions of the 
Geological Society," 1824), tlie western border of tlie second series 
''follows an indented line from Brislington to Burnett, Pensford, Stan- 
ton Drew, Bishops Sutton, Chilton, Farrington Gurney, and Midsomer 
I(orton." As, however, it is known that the Iladstock series crops out 
close to this latter place, the boundary of the Farrington series must be 
placed somewhat further south, say as &r as Chilcompton, and as the 
strata rise rapidly along the soutliern outcrop, being in some places per- 
pendicular, there is probably not much area of the Fanington series 
belting the Radstock series on the south and south-east, but excepting 
that the coal proved at Twerton belongs to the lower division, there is 
nothing by which the exact boundary of this series may be determined. 
It may be assumed to pass by Kilmersdon, Wellow, and Corston, to the 
Avon. 

^ These limits inclose an area of eighty square miles of Farrington seams, 
of the united thickness of ten feet of workable coal, after allowing for the 
occasional absence of one or two of the seams. The Farrington seams 
are worked at Timsbury by a pit which passes first through the Radstock 
series, and it is only in the very bottom of the basin wliere the depth 
to the bottom of the Farrington series would render the cost of winning 
them too great. Deducting, however, ten square miles from eighty, 
leaves seventy square miles of the Farrington series within easy access. 
The quality of some of this coal is good and adapted to household use ; 
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its gfeneral character, however, is less bitominous than that of the first 
series. It contains less sulphur, and is a fair steam coal. 

The coal of the Farrington series is not entirely free from fire-damp, 
as a little has been seen in working it at the Orove Pit at Timsburj : it 
is not, however, of any consequence. 

Before proceeding to the second division, a few words about the Pen- 
nant may not be out of place. 

This great mass of rock is probably 600 feet in thickness ; in appear- 
ance it varies much, being in some places compact and close grained, 
with a bluish colour. When in this form it works well, and produces 
substantial masonry of a very beautiful appearance. In other places it 
splits well into flags, for which purpose it is much used. It presents 
these characters at Temple Cloud and between Keynsham and Bristol, at 
both of which places it is quarried to a considerable extent. It is ex- 
ceedingly hard to sink through, and excepting towards its crop would, in 
all probability, form a considerable, though not an insuperable obstacle 
to the sinking of pits to the seams of coal contained in the lower divi- 
sion of the coal-field. 

This rock is also seen in the cutting of the turnpike road half a mile 
south of Pensford. It is here of a dark reddish brown colour, with 
rolled nodules of stone and coal contained in it, and bears a strong 
resemblance to a bed of grit lying* above the middle vein of coal of the 
Radstock series. 

It is not entirely barren of coal, and a thin seam was worked in it by 
a pit about a mile north-east from Temple Cloud. It is also seen near 
Holconibe, in a quarry north of the brewery, where it is dippinj^ north 
at a considora])lo nnf^'lo; it is hore flnj^gy. At Nowburv, about two 
miles iurther east, it is of a rather softer nature, still fiajrg'y, but dips 
south, and tliis circumstance will be referred to further on. 

Prom this point along" the eastern portion of the coal-field, tlie Pen- 
nant is covered by the overlying formations. 

2nd, The Lower Divmon. — The boundary of the coal measures of the 
Somersetshire section of the Bristol Coal-field has been alreadv described ; 
but the area of millstone grit and coal shales beyond the outcrop of the 
lowest coal seam must be deducted from the entire area (150 square 
miles), in order to ariive at an estimate of the extent of district con- 
taininii' the coals of tlie lower division. I assume this allowance at half 
a niilt» in bn»adth nloiijr the whole* boundary, thirty-six miles in leuf^^th, 
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and this reduces the area of available coal-field to 133 square miles. 
From this area, I think, should be deducted the whole area of the upper 
division, viz., eighty square miles, under which the great depth, in con- 
junction with the Pennant rock, would, in all probability, preserve the 
coal of the lower division for a period useless for us to estimate. This 
would leave fifty-two square miles as the available area of accessible 
coal in the lower division of the district in question. There is a large 
quantity of coal in this division, probably in the aggregate not less than 
from fifty to sixty feet in thickness. If we take the thickness of the 
upper division with that of the millstone grit, say together 3000 feet 
from the total thickness of the coal measures, we have the great thick- 
ness of 6000 feet, or say 1000 fathoms to the bottom of the coal 
measures at the crop of the upper division. At this point, therefore, we 
may calculate on working the coal contained in the upper 300 fathoms 
of the lower division, which, with the thickness of the Pennant, would 
require a pit 400 fathoms deep. 

Of course, it must not from this be assumed that I am giving it as an 
opinion that 400 fathoms is to be tlie limit of coal working ; but I think 
it deep enough to found calculations upon, so long as districts are to be 
found where the depth is more moderate. In this depth of 300 iathoms 
are nineteen feet of coal, and no less thickness than nineteen feet would 
be found in any pit sunk 400 fathoms, supposing the upper 100 fathoms 
to be Pennant rock. From this circle (the crop of the upper division) 
to the crop of the coals of the lower division, the pits would be shallower 
and the coal more abundant. I will, however, estimate that fifteen feet 
of coal are obtained by pits which may be sunk to work the lower divi- 
sion of the district. The quality of the coal of this division is very 
different from that of the upper division. The coal of the lower division 
almost universally bums to a white ash, and is not a good house coal ; 
that of the upper to a red ash, and is suitable for house use. 

The coals of the lower division are frequently three, four, five, or even 
six feet in thickness ; those of the upper rarely exceed two feet. The 
coals of the lower division in some localities evolve fire-damp ; those of 
the upper do not. The coals of the lower division are free from sulphur, 
make good coke, and are excellent smith coal ; those of the upper are 
sulphury, and will not do for either coking or smjth's purposes. 

The strata of the lower division contain clay iron ore in considerable 
quantity, and the blast fiimace recently erected at Ashton, near Bristol, 
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is almost entirely supplied by that produced irom the adjoining colliery 
of Ashton Vale. The Aimace and colliery are contignous to each other, 
the latter producing the ore and fuel. 

The fire clays under the seams of coal of this series generally are of 
great purity^ and the fire bricks made firom them are of excellent quality. 

The following is an estimate of the quantity of coal which remains in 
this section, allowing for loss underground :— 

1. Upper JKmdan^lQsqxmremilGB X 8 feet thicks 08,301,000 

70 square miles x 10 feet thick =s537,600,000 

2. Lof»erIHpmon — 53 square miles x 15 feet thick ss599,040,000 



1,234,944,000 
Deduct already worked— 

300,000 tons per annum for 100 years 30,000,000 



1,204,044,000 
The great bulk of this coal-field is dormant^ although within an 
average distance of the great market of Bristol, possessing a river navi- 
gable by ships of 2000 tons burthen, from the want of railway accom- 
modation. 

In a former part of this paper, reference was made to the southern 
dip of strata at Newbury. It is not believed that tliis change in the 
dip is the result of an anticlinal, but that here the strutii art* thrown 
back over. If so, this occurred at the j)eriod of the upheaval of the 
Mendip mnge of hills. At Chilcoiai)ton tlie dip of tlie coal nit'asuros is 
to the north, at an angle of about 18° ; at the Old Hock Colliery it 
becomes steeper; at the Sweet liees Pit, about two miles south of 
Chilcompton, it is t]?^ ; about half a mile oast of this, the strata are 
verticjil ; further east, the dip is to the south at a f^roat an^j^le ; anil still 
further east, at Xewbtiry, the dip is soutli about 40°. The seams of 
coal here are all upside down, the liard shale roof (that should lie) beinj** 
at the ])ottom, and the soft thill at the top of the seams. And hero 
occurs a most remarkable circumstance : — the same convulsion that 
throw over the coal measures threw masses of limestone aloni*" with 
them, and those marked on tlu* gi'olog'ical map of the Ordnance survey 
are not, as tliere represented, the rt^sult of tlie faults inj:r<'niously ]>ljiced 
tliere, but masses detached from tlie Mendip rang'o of limestone situated 
about a mile to the south. Men now livin*.'* have worked in coal bi'neath 
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these masses of mountjun limestone. It follows that a pit sunk to these 
coals where they dip souths would, if continued downwards, again pass 
through the same seams of coal. 

In the neighbourhood here referred to, although the dip of the strata 
varies from 45^ to vertical, and the seams of coal in some places are^ 
with their bands, six or seven feet thick, a system of long work is prac- 
tised, the goaf below being filled with rubbish and small coal, forming 
a floor for the workmen to stand on while bringing down the coal 
overhead. 

In working with such inclination, ascensional ventilation seems 
essential. 



DISCUSSION 



OM 



ME. HANDEL COSSHAM AND MB. G. C. GRBBNWELL'S PAPEBS ON THE 

COAL-FIELDS OP SOMEBSETSHIHE. 



The President having announced that the meeting would now pro* 
ceed with the discussion of the papers read by Mr. Handel Cossham and 
Mr. Greenwell on this subject^ 

Mr. Handel Cossham said — Before the discussion proceeds, allow me 
to repair an omission. I forgot to give an estimate yesterday of the quantity 
of coal which is raised annually in the Bristol coal-field, and it is the 
more necessary for me to do this inasmuch as in all the Oovernment 
returns hitherto made, the quantity of the coal raised in the Bristol coal- 
field has been very much understated. The last return which was made 
put it at 630,000 tons a-year ; but, after a very careful examination of 
the fiEu;ts, and taking into account the quantity raised throughout the 
whole district, I am satisfied that the total quantity raised was not less 
than 950,000 tons last year; and this year very nearly 1,000,000 tons 
of coal will be raised in this small coal-field. There is one other 
point with respect to which I wish to make an observation. At the 
same time it bears rather more upon Mr. Greenwell's part of the subject 
than it does upon mine. It has been stated as very doubtful whether 
coal will be found on the south side of the Mendip Hills. There is a very 
well-defined anticlinal axis there, and there is no geological reason 
whatever why coal should not be found on that side of the Mendips. 
This [pointing the spot out on the plan] is a part of the mountain lime- 
stone, and the magnesian limestone is developed south of that. For my 
own part, I certainly do not see any geological reason why coal should 
not be found south of these hills, and of course it would be very impor- 
tant to know what the district extending in the direction of Glastonbury 
contains. 

Toil. X.— Birmingham MsBniro, Jvlt, 1861. g 
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Mr. Greenwell — On that point I may mention, that in the " Geologi- 
cal Society's Transactions" for 1824, both Mr. Buckland and Mr. Gonybeare 
suggest the idea of a coal-field to be found south of the Mendips, and that 
opinion has subsequently been repeated by Mr. Gonybeare and Mr. Phillips. 
I have examined the country on the south side of the Mendip range 
myself, and I have observed that south of the limestone there is a band 
of millstone grit, which extends right up to the southern range of the 
hills. I have examined the country for about two miles in that direction, 
and can bear testimony to the coming in of the millstone grit again on 
the southern side of that anticlinal axis. There are two points men- 
tioned in the paper which I have read to the meeting, upon which I 
should be glad if some dissussion took place. The first is, with reference 
to the depth at which coal mines can be profitably worked. I have 
mentioned the depth of 400 fathoms, and I should like to hear the 
opinion of gentlemen as to the possibility of working coal mines at a 
greater depth than that ; and the next point is, as to the possibility of 
ventilating the mines by means of ascensional ventilation, so as not to have 
the return current of air which comes out of the top side of the working 
sent back again to the deep. It is a matter of great importance to 
ascertain whether the return current of air could not be carried ofi:' at the 
upper part of the mine by means of ascensional ventilation. 

The President — I should be very glad to hear any observations 
which gentlemen may be pleased to make with regard to these important 
papers on the coal-fields of Somersetshire. I do not know whether I 
understood Mr. Greenwell correctly as stating that some of the slip djkes 
of that coal-field passed through the lias limestone as well as through 
the coal measures. 

Mr. Greexwell — Some of them are said to do so, but others do not. 
At Radstock, a ninety-fathom dyke of tlie coal measures does not pass 
through the lias. I do not know of any instance in Somersetshire 
where there is a dyke affecting both the coal measures and the upper 
formations as well. I do not know that of my own observation, but upon 
referring to a paper, wliich must be taken as a statement of facts (I mean 
the [)aper contributed to the ^^ Geological Transactions'' by Messrs. Buck- 
land and Cony])eare), I find that they refer to some large faults which do 
affect both the formations. One thing I know, and that is, that at Rad- 
stock there is a ninety-fathom dyke, at the top of which the lias lies 
without the slightest disturbance. Most people know that a dyke of 
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nineiy &fiiozn8 in the coisd measures of the North of England affects 
both the red sandstone and the coal measures^ because the dyke passes 
downwards. - 

He Prbsidbnt — ^That is the reason why I asked the question. Of 
oourse, you see that if the dyke of the coal measures you allude to in 
Somersetshire passes through the lias and the magnesian limestone 
formation^ that dyke niiist have occurred subsequently to the deposit of 
the magnesiaii limestone upon the coal measures, which it is very impor- 
tant to know. 

Mr. Grebnwell — ^There are two descriptions of dyke there^ one that 
occurred before the deposition of the upper strata, and another description 
of dyke which occurred subsequently. Both these dykes affect the coal 
measures, but one of them only influences the upper formations. 

Mr. Handel Cossham — ^There is one great dyke that brings the top 
of the oolite, which is 600 feet thick, parallel with its base ^ but whether 
that affects the coal measures below has never been proved, because that 
part of the basin has not been worked. 

Mr. Atkinson — ^As regards the ninety-fethom dyke in the Newcastle 
coal-field, I am not convinced that the slip passes through the lime- 
stone at all, and think that the limestone may have been deposited 
against the slip of the dyke^ after the dyke was formed. 

Mr. Grebnwell — I do not very well see how ? 

Mr. Atkinson — If you deposit limestone over an existing dyke, it 
would lie against the cheek or the side of the slip, unless the surface of 
the dislocated measures had been made level by denudation (or otherwise) 
after the formation of the dyke, and previous to the deposition of the 
limestone. 

Mr. BoTD— Two or three gentlemen here are nbt quite satisfied as to 
the explanation which Mr. Greenwell has given of the overturn of the 
limestone, and they wish to know whether the coal seams turning over to 
the dip are portions of the same seams below. Perhaps Mr. Greenwell 
will give us some further explanations upon that point. 

Mr. Grebnwell — I have got a plan here of a colliery in which it is 
shown that the coal was worked immediately under the mountain lime- 
stone, and people with whom I have spoken told me that they worked 
that coal. I can give no explanation of it, but merely state the fact. 
We must take the plan and the testimony together, and we can have no 
doubt in our minds that the &ct has been correctly stated. 
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Mr. Boyd — I suppose it is not another limestone overlying another 
coal measure. We wish to know whether it is the same limestone and 
the same coal measure 7 

Mr. Grbenwbll-— I simply state the &ct. As I said before I cannot 
explain it. 

Mr. Handbl Gossham — ^There is a very peculiar instance in our 
district, in which the millstone grit has been tumbled over and thrown 
into a crevice. It occurs in the case of the Clifton rocks^ and the section 
can be seen by reference to plan No. 2. 

The thanks of the meeting were given to Mr. Gossham and Mr. 
GreenwelL 
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THE PKOGEESS OF COAL MINING 



IX TUX 



COUNTIES OP DEEBY AND NOTTINGHAM, 



WITH 



A BEIEP ACCOUNT OF THE MODE OP WORKING BY •' lONG WALi;' 



By J. T. WOODHOUSE, Derby. 



Before entering particularly into the subjects proposed to be treated of 
in this paper, it is desirable that some notice should be token of the 
geological features of the coal-iield. 

A short account of the progress of coal mining in the district, together 
with a description of the method of working by " long wall," will also 
be dealt with. 

The remarks on the first part of the subject, viz., the " Geology of the 
Coal-field,'' will have a special reference to the workable seams of coal, 
and the more important rakes of ironstone, but it is not proposed to enter 
into any detailed account of these latter, except so far as may be neces- 
sary for the sake of description. 

The general position and thickness of the various beds of coal, and 
rakes of ironstone, is shown in the section made to accompany this 
paper. 

The map represents the principal features of the coal-field, and 
part of the neighbouring county of York. 

It will be observed that all the more important ironworks and collieries 
are enumerated, as also the railways, canals, rivers, &c. 

The outcrops of the more important beds of coal, and the lines of 
known main faults, are also marked. 

The neutral tinted portions represent the more immediate part properly 
Vol. X.— Bibmingham Mxetino, July, 1861. R 
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called the Derbyshire and Nottinghamshire coal-field : although the field 
extends northwards into Yorkshire; and eastward, dipping under the 
new red sandstone formation, to an extent not yet ascertained. 

It will be seen that the coal measures are developed on the surface up 
to the line of the magnesian limestone : on the south it is terminated by 
an immense mass of conglomerated drift, which rests upon what was 
formerly the surface of the country, with the coal seams outcropping to 
the south-east^ and the new red sandstone formation : and on tlie west, 
the millstone grit, or Farewell Rock of Soutli Wales, and the car- 
boniferous limestone are developed: whilst, on the north, there is a 
continuation into Yorkshire of the coal measures. 

It will much simplify and explain these remarks, if attention is directed 
from time to time to the map and section. 

The first seam of coal worthy of notice is called, in Derbyshire, the 
yard coal : the same in Yorkshire is called the wath-wood. 

The next important seam is that known as the top or main hard coal. 
This coal has been worked in every locality where it has been found. 
Recently it has been sunk to at the Shireoaks Colliery, at a depth of 
more than 500 yards. It has also been worked at the following col- 
lieries: — Cinderhill, Portland, Swanwick, Duckmanton, Staveley, Eck- 
ington, Woodhouse Mill, &c., &c. (See map.) At Staveley, where 
it has been very extensively worked by Mr. Barrow, it appears to have 
atbnned its maximum of thickness. The thickness of the coal is given 
as taken by actual measurement. The hard coal of this seam is highly 
prized for furnaces, locomotives, and other similar purposes. 

At Staveley, a few yards above the top hard seam, a bed of ironstone 
occurs, called the moasure and balls rake. It has been worked exten- 
sively by Mr. Barrow, and used by him in the manufacture of iron ; it 
may, however, be considered as a local formation, not being generally 
found i>roductive. 

About thirty yards below the main or top hard seam, the Duns-hill or 
Duiisil seam of coal occurs. This, however, does not warrant any detailed 
notice, as it has only been proved of good quality in one or two ])laces. 
It has been principally worked at Swanwick and Duns-hill, and takes 
its name from the latter place. 

The next seam of coal worthy of notice is called the Waterloo. It 
generally consists of three distinct beds of coal, separated by partings of 
bat and dirt. (See section.) This seam, like the former, has been 
worked only to a very limited extent. 
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Betireen the Waterloo seam of coal and the next workable seam called 
he main or bottom soft, two or three rakes of ironstone are found. The 
8iro most important are known as the brown and black rakes. These 
kttve been principally worked in the Erewash Valley district, and exten- 
Ardy at Staveley. There are other rakes of ironstone — the poor rake 
ial the buff and cement rake, which occur at short distances above the 
koim and black rakes. 

pThe bottom or main soft seam of coal is the next seam of importance. 
|BUb lies at an average depth of 160 yards below the top hard coal. It 
|ii been chiefly worked at Trowell, Babbington, Shipley, Butterley^ 
mveley, and Pinxton. It is principaUy used for household and similar 
jiitposes, where a bright soft coal is required. Its average thickness is 
■boat five feet. 

Between the main soft and bottom hard seams one rake of ironstone 
iiociirs, viz., the blue rake, which, together with the measure in which it 
m feund, forms the roof of the latter bed of coal. The bottom hard 
leam lies at a depth of sixteen yards below the main soft seam. It 
generally occurs about three feet six inches thick. (See section.) It has 
been principally worked at the Kimberley, Shipley, Highfield, Marehay, 
Denby, Langley, Birch wood, and Pinxton Collieries. This seam affords 
a large proportion of hard coal. The hard portion is used in ftirnaces, 
in the manufacture of iron, and as fuel for locomotives and similar pur- 
poses. 

The piper seam lies generally at a depth of fourteen yards below the 
bottom hard seam. The furnace seam of coal lies about forty yards 
below the piper seam, and two or three rakes of ironstone occur in the 
intervening strata, called the dogtooth and three-quarters rakes. The 
fiimace seam of coal is about four feet six inches thick ; the coal is bright 
and brittle, breaking up into cubical pieces. It has been principally 
worked at Morley Park, Oakerthorpe, and Wingerworth Collieries, and 
used in the manufacture of iron. 

The black-shale or clod coal lies forty yards below the fiimace coal. 
In the intermediate strata, the richest and most valuable bed of ironstone 
of the coal-field is found, taking its name from this seam of coal, and 
the strata in which it is found is called the black shale rake. It is found 
in its greatest perfection and value in the neighbourhood of Chesterfield, 
where it has been extensively worked at Clay Cross, Staveley, Hady, 
Wingerworth, Newbold, Whittington, and Unston. It contains on the 
average about three feet six inches of ironstone in about thirty feet of dirt 
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The clod or black-sbale seam of coal averagfes about four feet six 
inches in thickness ; it is soft and bright^ and is principally devoted to 
household and similar purposes, and is now sent in large quantities to 
London. Between this and the next seam of coal, the Buckland Hollow^ 
or Kilbourne, there is a thickness of strata amounting to 160 yards. 
Many rakes of ironstone occur, which have been principally developed 
and worked at Denby and Morley Park. It will suffice if the names 
of the various rakes be given. They are as follow : — The Honeycroft 
is in about fifteen feet of ground (immediately beneath the Kilbourne 
coal), but between the black shale and Kilbourne are the Holly Close^ 
Green Close, Bacon Flitch, Yew Tree, and other rakes. 

The Buckland Hollow or Kilbourne coal may be considered as the 
lowest workable seam in Derbyshire, although seams of coal do occur 
above the millstone grit, one of which, the Gannister, has been worked. 
The Kilbourne seam has a thickness of about four feet six inches. It is 
used for household purposes entirely, and its quality is most excellent. 

The collieries on the Kilbourne coal are Kilbourne, Denby, Morley 
Park, Buckland Hollow, and Stanton. There are three rakes of iron- 
stone below the Kilbourne seam, called respectively the Honeycroft, Dale 
Moor, and Civilly rakes. The working of these has been almost solely 
restricted to Stanton. 

Having thus noticed the geological features of the coal-field generally, 
the next part of the subject of the paper which claims attention is the 
progress of mining in the coal-field antecedent to 1826. 

For the purpose of convenience and harmony with facts themselves, 
this account of the progress of coal mining in Derbyshire and Notting- 
hamshire may be divided into two parts ; the first relative to the period 
antecedent to 182(), and the second relative to the period subsetjuent to 
1826, and included between the years 1826 and 1861. 

Up to 1790, operations were upon a most limited scale, being confined 
to horse-gins, rolls worked by men for raising coal, and sough adits, and 
day-levels for drainage. Chain pumps were also used, and windmills 
were applied as the working power. 

The markets were, for want of commimication, hniited, being confined 
to consumption in iron-works at places in the vicinity of the coal-works, 
house fire, and in manufactories ; also in towns (as in the instance of 
Sheffield and Rotherham) when near upon the coal-field. 

Previously to 1790, charcoal furnaces existed in Derbyshire; one at 
Wingerworth was blown bv a water wheel until about 1784. There are 
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many remains of these old charcoal Aimaces, which can still be seen — 
some of them in very perfect condition — at Alderwasley, Cinderhill, 
Wingerworth Toad Holes, Denby, Heanor, Whaley, &c. ; but, by the 
year 1806, they had so far decreased in number and use througfhout the 
country, that only eleven were found at work that year. (See Farcy's 
Derbyshire.) 

Forges were in operation at Alderwasley, Brampton, Godnor Park, 
Eillamarsh, Makeney, and Staveley. 

Foundries existed at Alderwasley, Butterley, Chesterfield, Morley 
Park, Renishaw, Somercotes, and Wingerworth. 

Coal was conveyed into the more remote districts in the rough horse- 
wains of the time, and carried also in sacks or creels slung on the backs 
of pack horses. Such being the demand, it is not surprising that the 
produce was upon a limited scale. 

Immediately after that period, a great impulse was given by the 
construction of canals or channels of inland communication. Those 
lines affecting the district were, the River Dun or Don Navigation, 
leading from Shefiield into the Rother, and thence into the Ouse and 
Humber. The Chesterfield Canal, leading to the Trent at Stockwith, 
the Cromford, Erewasli and Nottingham Canals, all communicating 
with the Trent and Sour Navigation, and extending by the Loughborough 
Canal to Leicester, and bv the Union Canal to the Grand Junction 
Canal, and so to the southern and south-eastern markets. The Notting- 
ham Canal, leading to Newark by the Ti-ent, and so into tlie water 
communication in Lincolnshire, and also the Peak Forest Canal in the 
north of Derbvshire. 

The onlv lines of railway in Derbyshire at this time were those in 
connection with the canals. In 1790 or thereabouts, there were wooden 
railways to the canals in use at Gresley, Piuxton, and Measham Collieries. 
The Erewasli Canal was finished in the year 179^3 ; Mr. William Jessopp 
beinj? the enjrineer. 

After these arterial communications were constructed, coal works were 
raj>idly opened. In the district, the attention of capitalists was directed 
to the importance of the subject, and mining enterprise was making slow 
but certain progress. 

The same seams of coal are at work at the present time as were in 
1820, or immediately before (that being a period of depression). 

Furnaces were in blast in 1800 at Butterley and Codnor Park, Rid- 
dings, Morley Park, Duckmanton, Calow, Brampton, Staveley, Renishaw, 
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Wingerworth, and Chesterfield. In 1806, there were twelve furnaces 
in blast, and six out; the total produce being about 10,329 tons per 
annum. The first blowing engine was erected at Morley Park about the 
year 1750. The large works at the Holmes, and others farther north, 
are not included, because they are in the county of York. 

The machinery in use at most of the works was of an old description. 
For drawing coal and pumping, the atmospheric engine, which is simple 
in construction, and easily moved, was adopted. These were suitable for 
shallow depths, the pits, in most instances, not exceeding 100 yards; but 
there were instances where a better form of winding was adopted, in the 
double-acting engine of Bolton and Watt, for drawing, and the three- 
valyed engine of the same firm, for pumping. 

Railways, as a communication between remote parts of private 
undertakings, and in connection with canals, also began to make their 
appearance, not upon the gauge as at present adopted, but upon such a 
g^ug« as met the requirement or taste of the owners of the works for the 
time. 

Of the quantity of coal produced at this period, no authentic account 
exists, excepting that the amount received up the canals in the Erewash 
district may be taken at 500,000 tons per annum ; and the consumption, 
for manufacturing purposes, house fires, and in iron furnaces, at about 
the same amount. 

Such was the state of matters anterior to 1827 ; and, with a slight 
additional impetus, they remained so until 1832. 

The ventilation of collieries at this period was in a very rude condition, 
being all "natural." Furnaces and mechanical apj>liances were not 
understood, excepting to the extent of producing- a current, by thro wi no- 
back the water at the pump-head in the en<»'ine j)it, and drivin*^ the air 
into the workings. It was no uncommon thing for the collieries of that 
period to cease working for days together, being charged with car])onic 
acid; and when carburetted hydrogen was found, frequent explosions 
took place — not upon the scale which has been witnessed in the South 
Yorkshire district, and in Northumberland, but a constant recurrence of 
small disasters. Their extent was limited, from the fact of a lar^-e 
quantity of carbonic acid gas being mixed with the hydrogen, which 
rendered the mixture not very explosive. The writer has frequently 
seen, in a face of six feet in height, the atmosphere at the firing point at 
the roofj and the candle extinguished by carl)onic acid near the tloor. 

Before commencing upon the j)rogress made since 1832, it may be 
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well to notice briefly the ontlet or vend, and the way in which tliese 
outlets for coal were affected by the physical contour of the country. 

Referring to the map, and commencing with Dronfield : the coal was 
taken to Sheffield in carts, as it is to this day. A railway has been 
projected, but at present nothing is done. It is tlie quality of the coal, 
and the coke made from it, which is used for manufacturing steel and 
Sheffield wares, which makes it so valuable. 

On the east side of Sheffield, the produce of the mines was taken down 
the Don navigation, and so to the Humber, as has been described in a 
former part of this paper. 

Passing south, the country rises gradually all the way to Clay Cross, 
cind here the Chesterfield Canal was the principal outlet for coal to the 
east, as well as for castings, or the production of the iron-works of the 
district The cost of conveying the minerals over land being so great 
SIS to be prohibitory ; hence it was that, until the opening of railways, 
xio coal found its way south from the district of Chesterfield, excepting 
^hat was worked immediately upon the Clay Cross ridge. After passing 
Clay Cross, the country falls to tlie south and south-west, as a reference 
to the map will show. 

The produce of the Erewasli Valley was t^iken south and east along 
the canals referred to in a former part of this paper ; and out of the 
Bipley Valley along the Derby Canal to Derby, and westwardly. 

The small ofislioot of the Leicestershire Coal-field, running into 
Derbyshire at Church Gresley, hud not any outlet of communication 
before the year 1828, when a tramroad was laid down to the Ashby-de- 
la-Zouch Canal. 

Of the produce at this period it is most difficult to speaL Tupman, 
in his tables, gives the following statistics. 

In 1808, according to Tupman's tables, the number of canal boats on 
these canals was 430 wide boats and 60 narrow ones. From June, 1807, 
to 1808, 8286 boat loads of coals passed on the Cromford, Erewash, and 
Nottingham canals, tlie aggregate weight being — 

,» , , Ton*. 

Hard coals 205,000 

Soft coals 37,289 

Cobbles 27,161 

Cokes, about . - - - . ^04 

209,760 
But this leaves out the produce of the northern district, and coal sold on 
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the Chesterfield Canal and on the Derby Canal, and it is not easy to 
obtain access to documents detailing these &ctS; if, indeed, any exist. 

In 1830 the whole produce may probably be taken at one million tons. 
It may also here be noticed that at that period hot blast air was not 
introduced into the manufacture of pig iron. It has since doubled the 
make, and much increased the consumption of coal. 

In 1832 a great change came over the distiict. The Liverpool and 
Manchester Railway was completed, and other lines began to be talked 
of. The Leicester and Swannington Railway, in the county of Leicester, 
was projected, and partially opened ; and tlie Midland Counties and other 
lines were before the public. 

It was not until 183G that the great arterial lines were secured ; those 
of the greatest importance, as through outlets, were then established. 

The greatest impetus of all was given by the construction of the Ere- 
wash Valley line, obtained through the untiring energy of the late Mr. 
William Jessopp, one of the firm of the Butterley Company, who, com- 
bining the science of the engineer with the forethought and tact of the 
merchant, after delays and obstacles extending over years, succeeded in 
securing the line. It may not be uninteresting to know, that that line 
of railway is now being extended to Clay Cross, and will form part of 
the main line of the Midland Railway communication between London 
and the North. 

Upon the opening of what is now the Midland Railway — but which tit 
first was made up of several distinct companies — and upon the railway 
company, after some years' exj)cnence, adopting a moderate scale of 
tolls, an immense imi>etiis was given to the vend of coal. As an instance, 
the Erewash Valley supplied into the general market about half ii million 
tons of coal per annum. Since the railway was opened, in last year 
iilone, upwards of 1,100,000 tons were sent down the railway, without 
materially affecting the traffic upon tlie canals. 

Without going farther into these details, it may be well to state that 
the same increase has taken phice (in fact, to a much larger extent) in 
the Chesterfield district, as well as in the Ripley Valley, now accommo- 
dated by a branch from the Mitlland. 

This increased demand, in due course, called for an increased supply, 
and accordingly a large number of new collieries were opened, and old 
ones improved and extended. Take as an exam])le, the Shipl(»y Colliery. 
At the early ])eriod of 183*J, ;J0,000 or 40,000 tons was the annual vend ; 
now it is nearly, or rather (juite, four-fold. The machinery at the colliej y 
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of comparatively old description ; the engines being all upon the 
jjIC^ndensing principle; the tram plates cast iron; no slides; no yenti- 
phifcing furnace, &c. Now, the engines, with one exception, are high- 
^^essure; the pits are provided with slides; all the roads are laid with 
wrought iron rails ; the ventilation is by three powerful furnaces ; and 
VveTj modern means and appliance is adopted to ensure safety and 
pDonomy. In the hard coal, which is subject to sudden outbursts of gas, 
ptfety-lamps are used exclusively. Apropos of slides, it ought to be 
inown that wood slides of precisely the same description as those used 
It present, were adopted at Duckmanton Colliery, near Chesterfield, in 
18S5, by the late Mr. Charlton, who was a man of scientific attainments. 

A general description of the Shipley Colliery will serve as an 
EQnstration of the mode of working by long wall ; but there are one 
pt two peculiarities in this colliery which are worth attention. Heferring 
lo the meridian line upon the plan, it will be seen that the g^n of the 
teal trends nearly north-west, and the polarity or northern streak is the 
Name in both seams. By comparing the two plans, it will be seen that 
Hie direction of working is at right angles ; in other words, the workings 
hi the hard coal are upon the face or bord of the coal, whilst tliose of the 
■oft are upon the end. This mode of working upon the end was adopted 
to produce a larger quantity of cubical shaped coal. The seam being 
tender, and full of face slines or partings, and long grained, much waste 
^B8 caused by working it upon the face in the usual way, the constant 
Crush or weight, which is so great a help in long wall working, 
breaking the coal into long thin pieces at the face. The writer estimates 
that twenty to thirty per cent, more large coal is produced by this mode. 
It was the competition in the London markets which first called attention 
to the subject. 

An inspection of the soft; coal plan will show some irregularity in the 
manner in which the works are laid out. This has arisen from the 
circumstance of the colliery being an old one and undersized. This 
team produces a fair quantity of gas, which comes away regularly, varied 
a little by the rise and fall of the barometer. The principal part, afler 
the management of the ventilation, is to see that the goaves and road- 
ends are regularly examined. As the roof falls rapidly, upon this system 
of working, no great accumulation of gas can collect in the goaves. 

Upon referring to the hard coal plan, a very difierent arrangement 
will be observed. It will be seen that, from the pits Nos. 3 and 4, three 
headings were driven out direct on the end or headways course, a rib or 
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pillar being left some twenty-five yards thick on each side. The 
are opened off the flank or parallel heads, and the workings contiiii 
the coal being brought out along roads made in the goayes, until thiQ^ 
were terminated by faults. 

This principle has been simply extended, and recently two more shaflsf 
have been opened at Nutbrook. The ventilation is of the most simplai 
kind, the current running on the main road, and returning to the upctit^ 
along the faces. This pit is liable to heavy outbursts of gus, and 
explosions have been the consequence. At present nothing has 
discovered to indicate when these outbursts may be expected. Thejr^ 
occur irrespective of faults, or of the state of the barometer, and proceeds 
from both the roof and floor of the mine ; but the latter is more su 
to them. 

In the year 1850 an outburst of gas occurred in the floor of the eail^^ 
face. A large quantity of gas came out of the thill, or climch, heavingp' 
it up in the manner of a rapid creep. The gas found its way to ttfee 
fiimace and fired there, killing the fiirnaceman, who was the only man in 
the pit at the time ; smashed the doors and burst stoppings, but did not' 
kill the horses. 

No heavy outburst took place after this until 1857, when the gas fired' 
at the candle of a hewer in the west face, killing two men and injurinif ^ 
two more ; and in a few minutes aflerwards, the disaster was aggravated 
by one of the workmen accidentally firing a quantity of powder. 

At the inquest it was strongly urged by the Government Inspector, 
backed by the Coroner and jury, that safety-lamps should be exclusively 
used in the gates and bords. This was adopted, which, with the addi- 
tional precaution of passing the air into the upcast by dumb drifts, and 
not through the furnace, has had the effect to the present time of reme- 
dying the evil. 

Although three heavy outbursts of gas have occurred since that time, 
firing heavily in the lamps, no mischief has been done beyond alarming 
the workmen, and putting the underviewer on the alert. The lamps 
used are those on Stephenson's principle. For the care of them persons 
are apj)oinUd, and the men are not allowed to take them away from the 
works. The main point to be noticed, is the fact that the whole pit is 
frequently examined, in every place where gas could possibly be found, 
without any being discovered for months together, when suddenly a 
whole district becomes charged. 

The observations which apply to Shipley Colliery are equally apph- 
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cable to many other collieries : all the most improved modes are here in 
use, and the writer is strongly disposed to think that, in certain parti- 
culars, the high tone of mining in the North of England is approached. 
The writer is not prepared with full statistics, not having been able to 
secure them ; but they will be furnished shortly. It may be mentioned, 
however, that the coal now consumed in iron works has reached 700,000 
tons, and for locomotive purposes 250,000 tons per annum. The quan- 
tities sent to London are shown on the Coal Exchange returns. The 
inland consumption is rapidly increasing. 

LONG WALL. 

The mode hitherto adopted in working the mines of coal above 
described, with the exception of the black shale seam, is by long wall. 
It is the only method which has hitherto been found economical in 
labour, and productive in yield of per centage, from these mines. 

In considering the subject, it must be constantly borne in mind that 
the seams are variable in quality, particularly the principal ones, and 
that diffetence entails a vast amount of hand-picking and cleaning at 
bank, as well as what is done by contract arrangement with the workmen 
in the pit. By variation of quality is meant a difference in the compo- 
nent parts of the seam — hard and soft parts alternating. It is, therefore, 
desirable to work the coal as large as possible, and to send it in that state 
to bank. The long wall system is peculiarly adapted to this state of 
things. 

In the black-shale seam referred to, there is greater uniformity in the 
structure of the seam, and, with the exception of a band of very inferior 
coal and dirt running through the middle, which is not included, the 
quality is pretty uniform. 

Two plans have been prepared to illustrate and explain this part of the 
subject, and it is considered very desirable that the plans should be those 
of some colliery which is really in work by the long wall, and not an 
ideal plan. The plans are those of the Shipley Colliery (before mentioned), 
the property of A. M. Mundy, Esq., of Shipley, and the workings are 
those of the bottom hard and main soft coals. (See diagram.) 

For the purpose of simplifying the arrangement of the subject, it will 
be well to divide it as follows : — 

1st. — As to the method of working. 

2nd. — The conditions under which the long wall system can be 
adopted. 
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3rd. — In relation to ventilation. 

4th. — Comparison of the long wall system with the pillar. 

The method of working coal seams by the long wall system is 
exceedingly simple^ and may be described in general terms as follows :— 
Two or more parallel leveb are driven from the pit^ for main roads, 
opening heads, water levels, and returns, as the case may be. From the 
main road, at a convenient distance from the pit, and at suitable intervals 
from each other, gates are driven on the rise, and, after a certain distance 
has been left solid for the support of the main road, workings are com- 
menced. The banks or faces average a width of 80 to 400 or 500 yards ; 
the length, however, is, of course, much influenced by the quality of the 
roof, the nature of the floor or thill, and the quantity of coal to be drawn. 

The working is thus done :— A set of hewers, called holers, proceed 
generally during the night, to cut away or undermine the face of the 
coal, usually to the extent of about a yard back, and averaging about six 
inches high. Small pieces of wood, called sprags, are inserted between 
the coal and the floor, at places where it appears probable that the coal 
may fall, after it is undermined. At the cutting end, or end of die face, 
the hewers make a vertical nick at right angles with that under the coal. 
This operation having been performed, another set of men proceed to 
take the coal down, by driving wedges into the face, or by the use of 
powder. By this means, large blocks of coal are obtained, which are 
tlien broken up into smaller pieces, and, being placed in corves, are 
conveyed from the face of work to the pit, and tlienco to the surface, as 
in ordinary working. Lastly, after the coal has been removed from the 
face, the packers come in, whose duty it is to keep tlie bank and g-oaf 
roads and faces -vvell timbered and secure. At short distances (according 
to the strength of the roof) from the face, they erect props, puttini^- a flat 
piece at the top between the props and the roof. When there is a good 
roof, it is generally necessary merely to advance the same props, care 
being taken to pLace them opposite to the intervals or spaces between the 
props in their former position. When, however, there is a bad roof, it 
becomes necessary to place puncheons more frequently and nearer toge- 
ther, or else to build piles of wood or stone. Iron pro])s are much used. 
The coal having been thus got, the smaller coal and refuse together are 
thrown behind, and fill up the space called the goaf, and the roof 
breaking in, a solid compact mass is formed. 

This minute description of working may appear to be unnecessary, as 
almost all persons connected in any way with collieries are ccmversant 
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widi hewing coal; but the long wall system^ well carried out^ diSers so 
materially in management^ that it is necessary to call attention to the 
smallest details. 

In most districts where the coal is cubical in structure, and pillar work 
is adopted^ the hewing process is done in a very slovenly and indiscrimi- 
nate manner, the colliers hacking and cutting in all directions, as the 
coal is comparatively tender ; but in strong coals, worked in long wall, 
this cannot be done. The writer, however, is forced to admit one 
unpleasant fact, that long wall management is not nearly so good as it 
was in 1830. It has retrograded, and not advanced. This has been 
caused by a large importation into the mines of half-bred colliers, and 
too much haste to get out large quantities. 

Where two or three seams are to be worked one after the other, the 
whole success of the undertaking depends on the soundness and good 
packing of the goaf. The main goaf roads are very often kept up by 
stone walls, called packs. The proper construction of these packs is of 
great importance. 

The circumstances which are favourable to long wall working are, a 
good roof (that is, a hard broad stratum over the coal), and a hard stratum 
beneath the coal. Sometimes the holing is made in the middle of the 
seam, when a more convenient stratum is not found underneath ; but this 
deteriorates the coals by breaking them up into small pieces. 

Wherever, then, these desiderata are to be found, the long wall method 
is to be recommended, both on account of the simplicity of arrangement, 
the ease and efficiency of ventilation, and the economical manner in 
which the coal may be got. 

The method of ventilation may be described in general terms, as the 
passing of an adequate current of air in a continuous stream along each 
bank, and which, entering at one end, passes out at the other through a 
short distance of generally goaf road, called the return air-course, to the 
upcast shaft. The main road is used as the main intake, and the air is 
distributed from this to the different banks. Stoppings and regulators 
are placed in different places where it is necessary to regulate and divert 
or split any air-current. When the seam is fiery, the return- air is car- 
ried to the upcast shaft by a drift, called tbe dumb drift, entering the 
pit a short distance above the furnace. 

Such is the very simple mode of ventilation usually adopted in long 
work. Of course there are cases where necessity compels a modified 
plan ; but that now stated may be considered the one generally in use. 
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Many modified forms of long wall working have been adopted in other 
districts^ such as the long work of the Yorkshire Coal-field^ in which the 
coal is worked in banks of various widths^ separated from each other by 
thick pillars of coal; which are afterwards taken out by working back. 

Another modification, called narrow bords and long work, is also 
adopted in the Yorkshire Goal-field. In this method, two narrow and 
parallel bords are driven, a pillar of coal of about thirty yards in width 
being left between each pair of bords. These having been driven the 
required distance, a communication is made between the pairs of bords, 
and the coal worked similar to long wall towards the pit. By this 
means the goaf is left behind, and there is no necessity for keeping it up 
by walls or packs. 

The general mode of working having been described, the produce may 
now be noticed. 

By a little consideration it will be seen, that as the supply to the shaft 
in pillar working is only limited by the number of bords open, so in long 
wall it is only limited by the length of faces open, and the number of 
gate roads open in such faces. 

Taking a case where the coal lies tolerably level, as at Shipley, loaders 
will be at work at each side the gate ; and as, under ordinary circum- 
stances, where the coals are properly prepared for the loaders, by what 
is called turning the coals out, or splitting them up ready for the loaders, 
thirty tons per day will be sent from each side ; each gate will produce 
sixty tons per day, which, multiplied by the number of gates, gives the 
quantity of coal which can be produced from each pit, assuming that 
engine power and other requisites are in proportion. 

Of the comparative merits of the long wall and pillar system it is not 
difficult to decide. Supposing all the seams were of the same qutility 
and structure, either one mode or the other would be adopted, without 
any question being raised as to its merits ; but as the component parts 
of the roof and floor, or thill, vary in innumerable ways, the mode of 
working must be adapted to the circumstances. 

Pillar working has many advantages, and long wall has its peculiari- 
ties ; but the fact is, that either mode cannot be adopted at the ])leasure 
or caprice of the viewer. Some seams, for instance the cubical in struc- 
ture, are best worked on the pillar system ; and, on the other hand, the 
long- grained, hard, splint coals, are best worked by long wall. 

The conclusion is, that no general rule can be laid down. As in civil 
engineering, the true syst<?m is to adapt the means to the end to he 
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mttained, so in coal minings long wall or pillar working must be applied 
to meet die circumstances of the case. 

Before concluding these remarks^ the writer is desirous of calling the 
attention of the meeting to a matter which is well worth the notice of all 
parties interested in the management of fiery collieries. It is an inven- 
tion by Mr. William Buxton, viewer at Springwell Colliery, Staveley 
(the property of Richard Barrow, Esq.), for ascertaining the quantity of 
air in the mine, and regulating the firing at the fiimace. 

The paper upon this subject was then read by Mr. Howard. 
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BUXTON'S 

TENTILATION EEGISTER AND DETECTOE. 



By W. p. HOWARD. 



^3?His instrumont is intended to be used in the air-courses of mines, 

especially in coal mines^ whatever be the ventilating power employed. 

It is most advantageously placed at the confluence of the main return 

air-courses near the upcast shaft, in view of the furnaceman, where the 

furnace is used. Its performance consists in — 

IsL — ^Tlie indication, by separate fingers upon one index face, of the 
quantity of air actually passing along each return at the time of obser- 
vation. 

2nd. — The registration, by separate pencils upon one register paper, of 
the quantity of air at any desired intervals throughout the day, or any 
longer period. 

8rd. — Warning the fumaceman at any desired intervals to attend to 
the furnace. 

4th. — The accumulation of proofs that the fumaceman has done his 
duty, or that any other official has been at the instrument at any required 
time. 

5th. — The indication of the progress of time. 

Consequently^ the fumaceman is at all times cognizant of the state of 
the retums, and can regulate his fire accordingly. Also in the event of 
a sudden or considerable fall in the indications of any one return, he will 
send word to the ventilator, to examine into and remove the cause. Tlie 
ventilator to examine into and remove the cause. The ventilator leams 
with certainty whether the fumacemen are attentive ^ he has also certain 
and speedy warning of any stoppage or diminution of tlie air-currents. 
The underviewer has the same information as the ventilator, and ensures 
the attendance of die latter each day at the furnace, to change the 
register pai)ersy &c. The owners' property and the workmen's lives are 
rendered more secure^ since the state of the pit is at all times communi- 
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Prom the supply pipe water flows constantly or occasionally into the 
Hpper or reserve tank, and thence passes through a tap into the lower 
tank, in which a uniform head is maintained by means of a waste pipe. 
From the lower tank an adjusted tap admits the water into a trough 
with sloping bottom. At the deep end of the trough, and forming part 
of it, is a box with balance weights. The trough, when nearly full, 
overbalances, and working upon a horizontal axis, tips upon its shallow 
end. This end is covered, except a slit level with the top, through 
which the water escapes gradually, until the box of weights preponde- 
rates, when the trough returns to its former position. 

The cylinder on which the register paper is rolled fits upon a square 
axle, projected upwards from the centre of a circular horizontal toothed 
metal plate (see peg plate), which is alternately pulled and pushed one 
tooth forward by two rods, one fixed upon each side of the tipping trough. 

The ventilation register is now complete, and may obviously be 
adjusted to any intervals by means of the tap suppl^ung the tipping 
trough. 

When the register paper is full, the cylinder is to be removed, and a 
duplicate cylinder and paper supplied, the paper being fed from a box 
adjacent. 

A finger, pointing to the time upon a dial, may be moved round by 
die peg plate, or a second tipping trough may be employed to supply the 
larger one, and to move the dial finger at shorter intervals. 

A bell may also be rung by a projection from the tipping trough 
striking the bell lever. 

The peg plate is fitted with numbered pegs, one of which comes to a 
slit in the box each time the bell rings, when the furnaceman is required 
to attend to the furnace, and at the same time to record proof of his atten- 
tion, by taking out the peg and dropping it into a pegholder. Should 
he neglect, the missing peg betrays him, and the registering pencils may 
be expected to confirm the charge. 

Either the registering paper or the pencils may be common or prepared, 
80 that the result of an indelible mark is obtained. 

This instrument is not patented. Its inventor is Mr. William Buxton, 
by whom it has been applied at Mr. Barrow's Springwell Colliery, 
Staveley, Derbyshire, of which he is the resident viewer, under Messrs. 
Woodhouse and Jeffcock, Derby. 
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MB. WOODHOUSFS PAPER ON THE DERBYSHIRE COAL-FIELD, AND 
THE METHOD OP WORKING COAL BY LONG WALL. 



The President having nnnonnced that the meeting would proceed 
with the discussion^ 

Mr. WooDHousE said — Gentlemen^ perhaps you TV'iil permit me to 
make a few preUminary observations upon tlie subject matter of the paper 
generally. I was requested, some time ago, by the Council of the Insti- 
tute, to read a paper specially upon the system of long wall working, 
that description of working mines being a matter of great interest to our 
friends in the north, and, pi'obably, not being so well understood as it is 
in tlie district which we are about to take into our consideration, or in 
South Staffordshire. In this district the greater part of the coal, with 
the exception of the very best coal, is all worked by long wall working, 
and, therefore, to o£Per any lengthened observations upon that subject 
would be, as regards the gentlemen of this neighbourhood, entirely out 
of place, and mere loss of time. Inasmuch, however, as the subject of 
working by long wall is exceedingly interesting to tlie gentlemen of the 
North of England, and looking to the fact that we are now assembled in 
Birmingham — Shaving regard to the number of northern gentlemen who 
have come here — bearing in mind the attentions which we were led to 
believe that we should receive when we came here, and which have been 
so fully carried out by the kindness and hospitality which we have 
received at the hands of the gentlemen of this district, I have thought it 
better to compress my paper somewhat, confining it chiefly to the descrip- 
tion of the Derbyshire Coal-field, and add a few remarks on long waU 
working. I may state that the map which you see before you embraces 
a part only of the coal-field. It is taken from the counties of Derby and 
Nottingham, and is bounded on the western side by the outcrop. A 
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little fkrther in this direction [explaining by the map], we come on the 
millstone grit and tlie carboniferous limestone — on this side by the 
magnesian limestone^ which extends in this direction [pointing it out]. 
It extends northwards on this blue line, somewhere north of Leeds. 
Taking it altogether, it is about seventy-five miles. The map before you 
represents a distance of about forty miles, and does not comprise, by any 
means, the largest and most important part of the coal-field in the county 
of York. At present, I am only dealing with the counties of Derby and 
Nottingham. 

The President said — I am sure every one present must be delighted 
by the able contribution with which Mr. Woodhouse has favoured us ; 
and if any gentleman requires explanations with reference to particular 
points, I am quite sure that that gentleman will be happy to give you 
any fiirther information which you may desire, either with reference to 
the long wall working, or the description of the coal-field to which the 
paper refers. 

Mr. Potter — With reference to the long wall system of working, I 
shoidd like to ask Mr. Woodhouse whether he finds it more advantageous 
to work to the rise or the dip of the mine ? 

Mr. Woodhouse — In working the long wall, it is found more advan- 
tageous to work to the rise of tlie mine than it is to work to the dip ; 
tliat is to say, the workings are carried on from the dip to tlie rise. 
There are many instances in these districts where the roads are driven 
right away down to the dip, but the coal is universally worked, as far as 
it is p()ssi])le to do so, on what we call a rising face. In this system of 
loiij^ wall working, one of the i)riiicij)al things to be secured is a continual 
pressure from the roof, which, in ])illar working, as you know, is not 
necessary or usual. But in long wall working it is absolutely necessary 
to have that continual pressure, and therefore it is that the coals should 
be undermined, or holed, or curved, according to the requirements of the 
particular district, in some instances before they are taken down, whether 
they are taken down by powder or by working. I think it is very impor- 
tant that the coals should be imdermined for a considerable time. It 
often happens that, after the coal has been undermined ten or twelve 
hours, when the hewers go down and knock away the spragg or supports 
which have been left during the process of undermining, the coal comes 
down of itself in a mass j whereas, if it is not allowed to rest some 
time after undermining or lioling, not only will great extra trouble and 
exertion be required to get the coal, but it will come down in very small 
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pieces, the consequence of whicli will be, that a very much larger per 
centage of small coal will be made. In working on the dip face^ there 
is always an inconvenience arising from having the pressure of the roof 
downwards on the face of the coal^ tlie tendency of which is^ that the 
coal falls down on the face, thereby producing a larger quantity of small 
coal, besides which, the hewer has all the inconvenience of having con- 
tinually to cast back the rubbish into tlie goaf or waste. 

Mr. Darlington — ^There is a question I should like to ask Mr. 
Woodhouse, which is of considerable importance, and which, as he 
has not referred to it, he will kindly excuse my mentioning. It is, 
whether either of the seams shown on the two plans are subject to spon- 
taneous combustion ; and if so, whether they were liable to any great 
extent ? 

Mr. WooDHOUSE — ^The seams referred to in tlie plan are not liable to 
spontaneous combustion. I have known the Shipley Colliery for many 
years, and several other collieries working the same seams, and I have 
hardly known an instance of spontaneous combustion. There are, I 
believe, some instances in which spontaneous combustion has occuiTed. 
There will, however, be a paper read upon spontaneous combustion in 
respect to one part of the county not referred to here. It applies more 
particularly to the Lancashire coal-field, and not to the Derbyshire. 
When that paper comes on for discussion, gentlemen will have an oppor- 
tunity of considering the whole question of spontaneous combustion, and 
I have no doubt it will prove a very interesting topic. 

Mr. Greexwell — ^With reference to the plan of die two workings 
exhibited by Mr. Woodhouse, I observe that in one of them there are 
forty-four doors, and in the other forty-three, arising from the want of 
splitting die air. I also undei^stood, if I gathered Mr. Woodhouse's 
observations correctly, that tliere is some gas made in these mines, and 
consequently the air from any of the places in which the gas may be 
made, must necessarily pass from that to the next place. I wish to know 
whether it is the practice in this colliery to work by naked candles or 
by safety-lamps ? 

Mr. Wood HO USE — In one part of the mine, where the soft coals 
are obtained, it is customary to work by the light of naked candles, but 
in other portions of the mine the men work exclusively with the safety- 
lamp. 

Mr. Greenwell — I merely made the observation in consequence of 
the want of splitting the air, and the number of doors that are necessary. 
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Mr. WooDHOUSE — ^The reason for having that number of doors is this. 
It is found that in the goaf roads there is a natural tendency for them to 
become warm. The roads are perfectly dry, and from the circumstance 
of men and horses constantly passing along them with lights^ it is neces- 
sary to have a small split of air running through them. There is no gas 
made in the working, and the effect of the air passing along them is to 
completely drain the stratification of gas. The gas is only in the fiM», 
and there have been no instances, that I am aware of, in which there has 
been any gas in the roads, wliich is very curious. It is obvious that 
we must have a large number of doprs in every cutting to prevent the 
return air current running into them up one side and down the other, 
wliich would be very inconvenient. 

Mr. Greenwell — It is a simple matter of cost, I suppose, as to 
whether it is more expensive to have a return air current coming down 
from different portions of the workings, or to keep so many doors for the 
purpose of diverting it ? 

Mr. WooDHOUSE — I know, as a matter of experience, that it is very 
undesirable to bring any return air current upon roads through which 
men and horses are continually travelling. The object is to have a simple 
split running from the main road inbye, so that no return air shall come 
down any road where tlie people are at work. I think if you will examine 
tlio map closely, you will see that no return air can come down any 
working road. 

Mr. Greenwell — There would not be any return air current if the 
air were split off and came along a separate air-course, not by the working 
road, but by a separate return air-course ? 

Mr. WooDnousE — That is just the whole question, and I may say it 
is the difficulty with which we have to deal in working- a coal mine by the 
long" wall system, because you must either make a separate return air- 
course, leaving" a solid piece of coal for that purpose, or adopt the system 
of having' a larg-o number of doors. Now, as far as the economical 
working; of the mine is concerned, we cannot possibly leave pillars at all. 
Th(^ cost of working" that coal is very great indeed, from its extreme 
hardness, and to leave a number of pillars would greatly increase the cost 
of hewing and cutting away, besides losing the coal itself, because you 
must recollect that the coal once left in the mine is lost for ever. In 
Yorkshire, the system wliich they follow is what they call the bord-gate 
pillar system, which means sim])ly that pillars of coal are left on one side 
of the main road; where pillars can be left with advantage, you can 
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introduce as many splits of air as you please^ but that is not so in this 
case, and then you may do away with the doors, for I am quite willing 
to admit that where they can be done without, the system of working by 
doors is a most objectionable system, and wherever they can be done away 
with, they ought to be ; but where the coal must come out whether or no, 
and pillars cannot be left, I do not see very well how we can do without 
doors, without having a return air-course down the roads. 

Mr. Sparrow — Is not the cost of working a mine by means of these 
long goaf roads very great ? 

Mr. WooDHOUSE — The working of these roads is of a very peculiar 
description, and is very well worthy of some notice. These workings are 
all made by contract. Perhaps five, six, or seven men take a contract for 
each of those spaces [pointing them out on the map], which are locally 
called a gate. The hewers hew the coal, lead it out to the face of the 
working, and bring it a certain way down the roads, say firom here to 
here [referring to the plan], which represents 100 yards. This work is 
done at so much per ton, not at so much a score. The contract price 
includes the formation of these roads in the first instance, the ripping of 
the roof to make the height after the subsidence takes place, for the sub- 
sidence follows very shortly after the getting of the coal, and roads which 
were originally three feet six inches or four feet high, by the time they 
have cut ten yards or so, will be much lower, tlie roof of the goaf will 
probably be reduced to two feet. That renders necessary the ripping of 
the roof, and the waste which is taken away firom the roof is packed away 
on each side so as to form a face or support for the goaf, and so they pro- 
ceed. All that forms a part of the contract price, and after that another 
contract is made for the purpose of bringing the coal to tlie shaft after 
its having been passed along certain portions of the workings here 
[pointing to the plan], at distances I have named, by the men who keep 
the roof and goaf in order. All this work is done at so much per ton in 
our part of the world, for we do not adopt the plan of paying by the 
soore, although no doubt that in those cases where the coal is all of one 
quality, the plan of paying by the score is very much better. It is neces- 
sary, however, in our case, to separate the inferior part of the coal from 
the best part, and by our system the best part only is to be paid for, 
therefore we adopt the system of paying by the ton in preference to paying 
by the score. 

Mr. Bassett — I think it would be interesting to the members of the 
Institution, if Mr. Woodhouse will kindly inform us what is the actual 
yield per acre, per foot deep, of a seam of coal worked on this system ? 
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Mr. WooDHOusE — ^The yield per acre of this colliery is small. I am 
speaking, of course, of the yield of the better quality of soft coal. 

Mr. Bassett — What I should like to know, is, what proportion the 
coal got and vended, bears to that lost in the mine. 

Mr. WooDHOUSE — Perhaps the better way would be to give you the 
yield by the vend. The custom in this colliery is, after the coal is sorted, 
to set aside a portion of the coal first of all for the use of the colliery 
itself, such as coal for the enginemen for the general establishment, for 
the workmen above, for the colliers, in point of fact, for every imaginable 
person who can by any chance have a claim upon the coal. The next 
thing is, to set aside the coal required for the locomotives and anything 
of that sort ; and when all that has been taken out, we have not got a 
yield of more than 1000 tons per acre of one foot thick, the ton being 
reckoned at the rate of SI cwts., and the onecwt. at 1201bs. The specific 
gravity of the hard coal may be taken at about SOIbs. per cubic foot, axyl 
of the soft coal 781bs. per cubic foot. Having got the yield per acre, it 
is not difficult to ascertain the rate. 

Mr. CossHAM — I should be very glad if Mr. Woodhouse would inform 
us whether he has seen, under similar circumstances, the pillar and stall 
system tried, and whether there is any great difference in the proportion 
of the accidents that occur in each ? 

Mr. Woodhouse — With respect to the question of accidents, there 
can be no doubt about it whatever, that from the circumstance to which 
I have alhided with respect to continual pressure being a necessary 
element in working the long wall system well, we are more subject to 
accidents from falls in the long wall system of working than in the pillar 
and stall working. There can be no question about that, and when 
safety-lamps were first introduced into that colliery, there were great 
objections raised to their use, on behalf of the men, on account of the 
light being so diminished that they could not see the insecure places in 
the roof, and take the same precautions against falls which they did pre- 
viously. Indeed, it was only upon the urgent representation of the 
Government Inspector, in consequence of an accident which occurred, 
and which I described just now, that the managers of the mine were 
able to introduce the safety-lamps. Had it not been for that accident, 
we never should have succeeded in establishing the system. There can 
be no doubt that the light of a candle is vastly more convenient than the 
light from an ordinary safety-lamp. We commenced with the Davy- 
lamp, but we could not get on at all with that ; we then tried to get an 
efficient supply of the Sti'phenson-lamps, but we could not procure them. 
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We sent to Newcastle for all the lamps which we could possibly lay hold 
ofy but we could not get enough of them for some time. Such, however, 
18 the effect of habit, that the lamp having been introduced and become 
thoroughly established, I now think that the men would be very unwil- 
ling indeed to give up the Stephenson-lamp. They say that it gives as 
much light as they require, and they do not have to pay for any oil, which 
is a great consideration with them, and they used formerly to have to 
pay for candles. There is a pretty free current of wind there ; only a 
limited portion of the waste is thrown, and there are only small splits of 
air to the extent of from 2000 to 3000 feet going up every gate, therefore 
there is a pretty free current of air going up these roads, so that you 
oould not carry a candle without a lantern. That current of air would 
render the use of the Davy-lamp extremely inconvenient, for one of the 
greatest imperfections of this lamp is, that it is continually smoking the 
gauze if there is the least current, whereas the glass of the Stephenson- 
lamp operates as a complete shade, and most effectually prevents that 
difficulty ; the result is, that not only do the men greatly prefer using the 
Stephenson-lamp, but that practically it is almost impossible in this and 
similar collieries to work with any other. 

Mr. CossHAM —Then, I suppose, tliat although the accidents from falls 
may be more frequent in collieries worked by the long wall system, the 
accidents which in other mines are continually arising from other causes 
are less? 

Mr. WooDHOUSE — There can be no doubt that the adoption of safety- 
lamps in this, as well as in other mines, has been the means of preserving 
many lives. 

Mr. Handel Cossham — On the long wall system I mean. I am 
speaking of mines which are worked exclusively on that system. 

Mr. WooDHOUSE — In this very colliery the first explosion took place 
at this spot in the goaf [pointing out the spot on the plan] ; the gas accu- 
mulated here, and the return air-course ran in this direction over the 
furnace. There was a place about here we called the stables, but it is not 
shown on this plan, but all along here were doors for the purpose of con- 
ducting the air along this portion of the colliery. Every one of these 
doors were blown out and destroyed, not a vestige remaining. The next 
outbreak took place at the other end of the mine, in this direction 
[pointing out the spot on the plan]. These explosions were before the 
introduction of the safety-lamp. I have not the least doubt that the 
adoption of the safety-lamp in this colliery has been the means of saving 
a great number of lives. 
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Mr. Handel Cossham — In order to work a colliery in this way, I 
apprehend that you keep doubling the fece by working upon each side ? 

Mr. WooDHOusE — No ; the principle upon which we work is this. If 
the men are here [pointing to the plan], we double the face by working 
on the sides ; but if there [pointing out the spot], they only work half 
one day and half another. 

Mr. Handel Cossham — That really requires you to double the face, 
and you find the advantage in getting larger coal ? 

Mr. WooDHOusE — Yes; the task of hewing is lessened. 

Mr. Handel Cossham — Can you state the quantity of coal that each 
hewer would probably hew in a day ? 

Mr. Woodhouse — I should not like to make a statement of that kind 
in fig^ires from memory, without being sure that I was entirely accurate. 
I could give it, but it would only be a guess, and I should prefer on such 
a point being entirely accurate. 

Mr. Handel Cossuam — Nor the cost of that machine, I presume? 

Mr. Woodhouse — You are probably aware that this machine 
[pointing it out], in conjunction with other machinery, has been working 
for three or four years at Staveley. T have seen it many times, and its 
action is satisfhctory ; very much so indeed. I would strongly recom- 
mend the curious in such matters, who may be going into that neigh- 
bourhood, to go and see it, for I certainly think it is well worthy of 
attention ; and now I am on that subject, I will add, that if any gen- 
tleman is disposed to make a journey to Shipley, in order U) inspect this 
colliery, I shall be most happy to afford him every facilitv for dointr so. 

Mr. "Wynne — I do not iniajzine that it must necessarily follow that 
there will be an increase to any extent of loss of life by the adoption of 
the system of long wall workin*^*, for that has been proved by the 
adoption of the system in Shropshire, where there has not been many lives 
lost, and I am happy to say, that a very large quantity of coals has been 
obtained by that system of working. In North Staffordshire, where great 
attention is paid to the system of timbering, and where it is carried to 
great perfection, the loss of life is very limited indeed. I can quite bear 
out the statement which has been made by Mr. Woodhouse in the able 
paper with which he has favoured us, that the system of working 
collieries ])y means of long wall work has very much deteriorated, and, 
in many instances, men are put into a pit to work on that system when 
they do not understand it in the slightest degree. The natural conse- 
(juence is, that accidents occur through negligence or want of knowledge 
and lives are lost. But if you work a colliery by the long wall system. 
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in which the men are perfectly up to their work, and in which the best 
system of timbering' is adopted, I do not think there is any mode of 
getting* coal that has been discovered to be safer than working by the long 
wall system. Even if you leave pillars, there would be more danger in 
getting these pillars where there is gob on each side than where you 
have the solid coal. As far as the system has been proved with respect 
to the Derbyshire coal-field it bears comparison (with respect to its 
results) with that of Shropshire ; and it certainly shows that there is not 
the slightest ground for any apprehension that tliere would be any 
increase in tlie loss of life, even in the event of the general adoption of 
the system of working by the long wall system. But the system of 
working in North Staffordshire I consider still better than that which has 
been adopted either in Derbyshire or in Shropshire. I do not wish to 
be misunderstood ; I am not speaking of South Staffordshire, where they 
do not go to the far end and then bring the coals all the way back. 
However, that must be governed by the character of the different strata 
through which you pass. Where you go to the far end, the boundary 
of the colliery, and bring the coal back it is safer, I think, but as I said 
before, that is a matter in which you must be guided by circumstances. 

Mr. Wood HOUSE — As the member who has just addressed the meeting 
has alluded to the system, which is sometimes adopted, of driving out 
to the far end of the mine, and bringing the coals back, thereby obviating 
the necessity of packing and preserving the goaf roads, I would recom- 
mend to his particular attention the consideration of the system which 
has been adopted in the coal mines in Warwickshire, and which, I may 
add, is almost universally adopted in that county. I believe that there 
are present in this room several very eminent mining engineers from that 
district^ who, I dare say, would be very happy to give him any explana- 
tion he might require upon that point. 

Mr. Rbid — Have you applied the underground engine for the purpose 
of haulage in this particular colliery 7 

Mr. WooDHOUSE — Yes; I think there will be a paper read upon this 
subject as soon as this discussion is done. I believe that that is the next 
paper which is to be read. If you go into Derbyshire and see those 
works at Shipley, you will be invited to Cinderhill ; and I commend to 
your particular attention the colliery of the Butterley Company, in which 
there is a very extensive long wall working, which is done right well, 
and I have not the slightest doubt that the intelligent engineer of the 
Butterley Company will do everything in his power to facilitate your 
examination of it. 
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The President — I have no doubt, gentlemen, that after the obserTa* 
tions which you have heard irom Mr. Wynne, followed by those of 
Mr. Woodhouse, you will have come to the same conclusion that I have 
done, namely, that inasmuch as wo have not yet had a paper either upon 
the North Staffordshire or the Warwickshire Coal-fields, it is to be 
earnestly desired that these two gentlemen will be so good as to furnish 
us with some account, in detail, of the practical mode of working these 
two districts. Whilst I am speaking, I may, perhaps, be permitted 
to make one observation with reference to the principle of working coal 
by long wall, which is that of availing ourselves of the pressure of 
the superincumbent strata, for the purpose of separating or detaching 
the coal which is in course of working from the bulk, and then to allow 
the superincumbent strata to full or settle down on the goaf, and so to 
become solid by means of such subsidence and by packing. The prin- 
ciple of safety is, of course, involved in the goaf becoming comparatively 
solid next to the face of the working, or where the coal has been separated 
irom tlie solid coal, which, as Mr. Woodhousc says, is not the case where 
the pillar and stall sj'stem of working the mine is adopted. I do not 
wish to go into the comparative merits of the two systems, one of which 
is so generally adopted in the one district, and the other in another. 
Apart from the comparative merits of the respective systems, there is 
much in the nature of the coal itself, and in the strata with which it is 
associated, to render it iidvisuble to adopt the one system or the other. 
But, in aiioptin^ the system of i)illiir and stall working-, I may be per- 
mitted tu state, that the priiici})le of pursniii«>- such system is always to 
leave ])illars of such a ina^i'uitude and streng'th that, in whatever stiig'e of 
workiiif^ they may be, there should constantly he sufiicient strength of 
pillar to sustain the suptu'incumhent strata without crushing the coal, 
and so to secure larj^-e coal. Formerly, I am quite willing to admit, the 
system of workin*^- by pillar and stall was, to leave only as pillai-s just so 
much of the coal as was capable of supportinji^ the roof. 80 long as the 
])illars remaineil i)erfect, thin^-s went on properly and ri'^^'ht enough, but 
when you bc'i'an to take awav the pillars, or to w(»aken them bv takintr 
away a portion of them, a creej) or thrust was produceil, then the crash 
cam(», and it was very ofUMi attended with g'reat dang-cu', and sacrifice of 
coal and sometimes of life. Having had great exj)erience in the pillar 
and stall mode of working, I can state that the principle which is now in 
operation in working mines by that system, by leaving the pillars of such 
a size that they are amply sufiicient, in ev(»ry stage of the process, in 
getting the whole of the coal, to support the superincumbent weight. 
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Such a mode is very successful^ both in obtaining all the coal, and also in 
obtaining it in the best possible merchantable state. Pillars must always, 
however, be left of adequate and ample strength, and the working so 
conducted, that whatever may be the quantity of coal taken away from 
each pillar, the quantity and position of the remaining coal should be 
amply sufficient to support the superincumbent weight of the strata 
without crushing such remaining coal, and not to allow the incumbent 
strata to be broken down prematurely. In point of fact, where that 
method is effectually carried out, the principle of working a mine by the 
system of pillar and stall, is very similar to the system of working by 
long wall, viz., in both cases to have always a sufficient strength of pillar, 
or of solid coal next the face, to support the superincumbent strata, 
without its being crushed by inadequate strength ; and the system to 
which I have been referring, of working the pillar and stall method, is 
now, I believe, becoming pretty universal throughout the trade, where 
such system is practised. You will see some important papers upon this 
mode of working in the "Transactions" of the Institute. 

Mr. Bassett — Before we proceed with the next paper, I beg to pro- 
pose a vote of thanks to Mr. Woodhouse, for the very able paper with 
which he has favoured us, and in doing so I cannot but express my own 
feeling, which, I believe, is the feeling of the meeting also, that at all events 
South Staffordshire men owe a great debt of gratitude to Mr. Woodhouse 
for the light he has thrown upon the question. 

The vote having been cordially agreed to, 

Mr. Woodhouse said — I thank you heartily for your kind notice of 
the paper, and I can only say, that if I have said anything which is at 
all interesting, or which tends in the slightest degree to the improvement 
of mining, any trouble that I may have been put to is far more than 
repaid by your approbation and encouragement. 

The President then called upon Mr. Stuart Smith to read a paper. 
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OF 



CINDEEHILL COLLIEEY, NEAE NOTTINGHAM. 



By C. F. STUART SMITH, Derby. 



Thb meeting of the members of an Institute exclusively devoted to 
mining and its collateral branches, in the Midland Capital of the Goal and 
Iron Trades, appearing a no ordinary opportunity for bringing under 
notice the state of development which coal mining has attained in the 
Midland district, the writer trusts that the following sketch of the winning 
and working of the top hard seam at the Cinderhill and Babbington 
Collieries may not prove uninteresting. 

The intention is to give a succinct account of this undertaking from 
its earliest commencement; pointing out, in proceeding, the various 
stages in the development of its resources, and such pecidiarities, both 
physical and scientific, as may be deemed worth notice. 

The works comprised in the Cinderhill and Babbington Collieries will 
be briefly glanced at; then their physical and geological position, especially 
that of Cinderhill ; thirdly, the system there adopted, and the extent of 
the works at various stages in their development; and, lastly, the 
economy of the works from the commencement to the present time. 

The Babbington and Cinderhill Collieries are now the property of 
Thomas Nortli, Esq., and consist of five distinct winnings, three of which 
are in full working operation, and the other two will also be before the 
ensuing winter. 

The seams worked are, taking Cinderhill as the point of section, the 
top hard, 222 yards deep, 5 feet 2 inches thick, used for house and steam 
purposes; the deep soft, 382 yards deep, 3 feet 1 inch thick, a bright, 
swifl burning house coal ; and the deep hard, 398 yards, 3 feet 3 inches 
thick, a strong steam coal. 
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The collieries are named^ firsts the GinderhUl No. i, or Nuthall Pit, 
(vide map 11.)^ S3S yards deep, working the top hard seam^ an account of 
which will form the chief subject of this paper ; secondly^ the Newcastle 
Pits, 130 yards deep, also working the top hard seam ; thirdly, the top 
hard at Kimberley, 125 yards deep, the headings for working which are 
now being driven ; fourthly, the Babbington No. 2, or Eimberley Pit, 
273 yards deep^ working the deepliard and deep soft seams; and, fifthly, 
the Cinderhill, Nos. 1 and 2, or deep pits, 480 yards, where the 
workings in the deep soft seaih'St^ in the course of being opened. la 
addition to these, another winning, to be called the Broxtow Colliery, 
and wliich is to work the deep hard and soft seams, is already sunk to 
some depth, and arrangements are made for setting on almost directly 
other foundations. There are also large ironstone mines at Babbing^n, 
belonging to Mr. North, but worked by the Stanton Iron Company. 

The whole of these works are in the south-west corner of Nottingham- 
shire, and are situated in the immediate vicinity of the town of Nottingham, 
the Newcastle Pits being within two miles, the Cinderhill within three 
miles, and the Kimberley, or Babbington, witliin five miles of that town. 

The present outlets for the disposal of the coal are (vide map II.), on 
tlie east, by the Nottingham and Mansfield Branch of the Midland 
Railway, which brings these collieries nearest of any in Nottinghamshire 
or Derbyshire to the Great Northern Railway system, via Grantham, fop 
the shipping ports of Grimsby and Boston, and also for the home trade 
in that district. The Nottingham Canal, which is in connexion with the 
Trent rsavigation, also forms an outlet on this side; and on the west the 
communication is by the Erewash Valley Branch of the Midland Railway, 
connecting the collieries with the Eastern Counties and Loudon and 
North- Western Railway systems, and also by the Erewash Canal, which 
is tributary to the Grand Junction and other Canals. The principal 
vend is, however, by landsale for the supply of the town and neighbour- 
hood of Nottingham, both with house and steam coal, which, in addition 
to being sold at the various pit mouths, is, for the convenience of the 
traders, conveyed by private railway to six different wharfs, situated at 
the most convenient outlets (vide map II.), over a district eight miles in 
extent, reaching from the Radford Wharf, within one mile of the very 
centre of Nottingham, to Ilkeston, in Derbyshire. The railways are 
Worked by locomotive and stationary engine power. 

Tlie whole of these collieries which are now being worked are situated 
(vide map II.) on the niagnesian limestone and lower new red sandstone. 
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or Pennian formation ; and Gi^derhill^ the most eastwardly of them^ 
was the one first sunk. Its geological position will be more clearly 
understood by reference to map 11., where will be seen^ on the right hand 
side, coloured various shades of red^ a tract of light red sandstones and 
drift gravel, stretching east and' spreading over a wide district, the 
boulders in which are supposed to have been washed from the granitic 
rocks of Norway and deposited here. Next to this lies the magnesian 
limestone (vide map II.), coloured buff, extending over a considerable area, 
and resting on the lower new red sandstone, coloured purple, a narrow 
belt of which, of nearly an uniform width, is seen cropping out along 
the gi*eater portion of its western margin, and lying immediately upon 
the coal measures, coloured grey, which extend thence several miles to 
the west. 

\\liether the lower new red and magnesian limestone lie conformably 
to the coal measures is very doubtful. In fact, it is generally supposed 
that they do not. The coal measures mostly have an uniform dip 
towards the east. 

On the south and south-east side (vide map II.) a large fault abruptiy 
terminates the coal-field against the new red measures, while to the 
north it stretches uninterruptedly beyond Leeds. It was then, on the 
east side of this coal-field, and within four miles of its southern extremity, 
and within three miles of where the red ground had been worked up to 
on the south-east, but considerably in the dip of all workings in the 
neighbourhood, that, in 1840, the then proprietors of the Babbington old 
collieries determined to try and win the top hard seam. 

The magnesian limestone had not at this time been sunk through in 
this district, or such a thin crust had been met with as not to have been 
noticed, and there was an opinion prevalent that the coal measures ter- 
minated abruptly against the new red formation on the east, as on the 
south and south-east (vide map II.). 

Some forty years previous the estate had been reported on by the most 
eminent viewer in the district, and pronounced to contain no coal, and 
this was still the general belief, so much so, that only a few years pre- 
viously a large portion of the adjoining estate had been sold for a com- 
paratively small amount. The proprietors, however, commenced to 
make trials, by sinking and boring ; but the variable thickness, and 
apparently contorted position of the magnesian limestone confirmed, in 
the minds of most people, the belief that the coal in this district was 
cut off or thrown out. 
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In the meantime Mr. North was unwilling to abandon the establishment 
of a colliery in so favourable a situation without another effort. 

For a considerable time previous to this Mr. Wood house had been fully 
persuaded that the eastwardly dip of the coal measures continued unin- 
terruptedly under the magnesian limes tone^ and in order to prove the 
correctness of this, which was a favourite theory of his, he had, in 1839, 
at considerable cost, undertaken a deep boring on the Duke of Newcastle's 
estate, at Lady Lee, near Worksop, (vide map II.,) and close to the present 
Shire Oaks Colliery, about twenty-two miles north of Cinderhill, where, 
after passing through about 100 yards of magnesian limestone, and lower 
new red sandstone, the coal measures were found, as he had anticipated. 

In 1841 a pair of seven feet shafts, the present Nos. 1 and 2 pits, were 
commenced at Cinderhill, near to the trial holes, and after sinking 
through about sixteen yards of magnesian limestone and red sandstone, 
the coal measures were reached ; and, at the depth of 222 yards, the top 
hard seam, five feet two inches thick, was won. 

In laying out tlie works, it was determined to adopt a system which 
would ensure their full development on a scale commensurate with the 
important position it was foreseen they were destined shortly to occupy. 

Afber the opening of the colliery the demand rapidly increased, and as 
rapidly were the works extended. On the north side, which was the 
district first opened, a large fault was ascertained to run north-west and 
south-east, at some distance in advance of the faces ; and another uj)throw 
having been met with in the levels, running in a more eastwardly and 
westwardly direction, it became necessary, in ordoi* that the supply niif2;ht 
not fail, immediately to make j)reparations for opening new works on the 
estate, the greater portion of which lay on the north-east or dip side of 
the levels, and was un])roved. 

A stone drift was driven from the No. 1 pit bottom to the fault in the 
deep, and levels driven to the south ; but this district j)roved to be so 
broken up by faults as to preclude any great extension of the works in 
that direction. 

There was still a very general opinion that the fault to the deep was the 
boundary of the coal-field, or its eastward termination against the new 
red formation. 

Various obstacles combined to render the opening of another and dis- 
tinct winning on the estate impossible. There was the landlord's objection 
to having his property cut up by railways and cart roads, and to having 
the works brought into any closer proximity to his mansion. There was 
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the consideration of the expense of sinking a deep foundation on unproved 
ground, and of constructing' the works for the conveyance of the minerals, 
if found. But, above all, there was the necessity, in order to avoid 
competition, of keeping near the market; for though by this time (1845) 
a new line had been constructed to the Nottingham Canal, and a wharf 
made for water-sale within three miles of the collier}", and the Erewash 
Valley Railway, about four miles distant, was in progress, which now 
form main outlets, still the legitimate vend was undoubtedly by landsale, 
and any new winning must have been made at a greater distance from 
Nottingham. It was, therefore, determined not to remove the establish- 
ment, but to drive through the fault on the deep side of the north levels, 
and so prove the estate. Accordingly, in March, 1845, a stone drift, 
running N.E. 16°, was commenced at the end of the north levels. For 
two years this was imceasingly driven on. It was carried six feet wide, 
with a brick brattice down one side for ventilation, and at the expiration 
of that time it was nearly 700 yards in from where it struck off from the 
levels, and still the signs of finding the coal were as dubious as ever. 
The dip of the measures was considerably less than on the west side of 
the &ult, not being above one in eight, and the level course was altered 
40^ to the north, and it began to be confidently asserted that the coal 
would not be found. A mining engineer of the district went down and 
examined the drift, and reported to the proprietors that it was useless to 
prosecute the work farther, for there was no coal to be found. In three 
days after this, while the proprietors were yet undecided whether to take 
this gentleman's advice, and abandon the search, the coal was found on 
the 14th of September, 1847, at 730 yards in from the level, of full 
thickness and equal quality to that on the south-west side of the &ult, 
thus corroborating the theory of the continuous eastwardly dip of the 
coal measures under the magnesian limestone. The drift was now 
stopped, and preparations were made for sinking a shaft at the extremity 
of it, for the purpose of ventilation only. 

This new upcast, or No. 3 pit, was made ten feet in diameter, and 
tubbed and lined with fire-brick. It is a little to the rise of the stone 
drift (vide map I.). As soon as the shaft was down, the stone drift was 
arched nearly throughout its entire length, except where the measures 
were sufficiently strong to stand without support, the road being made 
from five to six yards wide, and laid with a double line of chair rails, 
30 lbs. per yard. 

At this time Mr. North, who was now sole proprietor, was very anxious 
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to pnn die deqi •mhu on thit wteta witlunit iaiaj, as t 
thsM dfluriptioiu of eotl ms gnfttl; iwiiiiming, md his supply wu 
limitad. It wu, tlianfbn^ dBtvmined to sink ttaa Nos. 1 and '2 shaiia | 
down to t^ bottom hwd tnd soft ■Mm, 180 juda lower, and also to I 
rink inothar and Isrgw abaft £» dimwing from tiie tap hard, and also m ' 
• downoaat 

On thfl lOUi of Angwt, 1863, the prawnt winding shaft, caUed tb« 
Na 4 jit, WW oommenoad ont the north laral, and but a ?iiort distAtwe 
from the Nob. 1 and S pita. An intamting diranmataDce maj here ba 
mentioaed, oonneetsd wi& ^ ankuig down of the No. '2 pit to Ui« 
bottom hud. TUs abaft waa atill bony naed fn coal drawiog-, the 
ITo. 4 not beiny read; to take ita pUo^ and a diffiooltj arose hon- to sink 
ihia ahaft down without intnfaring with the eoal drawing. There 
a atona drift twentf-fire jaida balow the bottom of No. 2 pit, which ia I 
the one mentioned aa bring driven to bring tiie ooals out of the soudi [ 
diftriet. Ofthia, and the inclines oonneotug it widi the shat^, a very J 
earafnl nmjr wna made, and then the drift waa extended exactly under f 
the No. S pi^ and the oentre of the ihaft above aooiirately detennined. : 
X gin was erected in this atone head, and sinking commfoced without ] 
eanring anj intamtption to the eoal drawing. Aftem'Hrd.^, the crust of I 
twenty-five jarda, between the original bottom of the shaft and the now J 
one to the lower minaa, waa annk through, and the oentre proved to be | 
perfectly true. 

Aa the works in the No. 8 diBtrict progressed, a deep incline, or what I 
is called Bulwell Plane (vide map I.), was commenced to he driven to the 
boundary, and is now lOOOyards to thedeeptromthe tciili'vebifroni which 
point another Bet of levels strike out north and south, and works are being- 
opened. In driving these north levels a singular s% amp was met with 
in the coal which was found to dip on all sides, after the levels wore a ' 
short distance &om the incline, and which has, in its lowest part, a depth 
of above thirtj yards perpendicular. Indications of thi^ were observed 
in driving the plane, but noting material. There is no perceptible 
thickening or thinning of the seam, but in the swamp a large quanti^ 
of water lies. 

The workings in the north district were exhausted in 1851, after ' 
having been at work for eleven jrears ; and the south district only lasted ' 
five years, from 1847 to 1853. There is now at work the No. 3 district, 
which, supposing the whole supply at the present rate had to be drawn 
from thence, would last about fifteen years longer, but which will 
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probably last double that timO; as it is intended^ when the Bulwell 
district is developed, and the supply can be obtained from it, to ease the 
gets from the top levels, so as to work about an equal proportion of deep 
coal. 

It now remains to consider the last head, viz., the economy of the mine. 

Commencing at the outset, in 1840, at the sinking of the new winning, 
we find the first of a series of practical and scientific improvements 
hitherto unknown in the Midland Counties, the adoption of which has 
worked a revolution in the coal mining of the district, and made Cinder- 
hill rank among the first and best collieries in England. During the 
process of sinking considerable feeders of water were tapped, and it was 
immediately determined to use metal tubbing for stopping them back, 
and at fifteen yards from the surface the first metal wedging crib was 
laid. There are two more cribs in each shaft, the lowest being about 
ninety-four yards from the top. At this date, 1841, the only description 
of tubbing used in this locality was the wood tubbing ; metal tubbing, 
though well known in the North of England, had not yet been introduced, 
and great was the prejudice against it, both of the proprietors and 
workmen, which had to be overcome. The proprietors having been 
accustomed to work shallow pits, involving but a small outlay, considered 
that even if the metal tubbing should be efiectual, the first cost was 
excessive, and the workmen boldly pronounced it unsafe, said it could 
not be made water-tight, that it would be worn away shortly by 
oxidization, with numerous other objections. To combat all this required 
unceasing vigilance and energy ; still the work progressed satisfactorily, 
and in little more than twelve months both shafts were down to the coal, 
and perfectly dry. 

In 1842, when the coal was won, the Midland Railway Company was 
then in its infancy, and neither the Mansfield nor Erewash Valley branches 
were constructed; and as the canal wharfi belonging to the colliery 
company, both on the Erewash and Nottingham Canals, were between 
three and four miles distant, the colliery was intended chiefly as a 
landsale for the supply of Nottingham, and accordingly a thirty-horse 
horizontal engine, with flat hemp ropes for winding, was erected, it being 
considered that this would be able to draw sufficient coal to meet all 
demand. The shafU were fitted with wooden conductors, and cages on 
the most approved plan. 

A pair of levels and a head for opening off the stalls were driven out 
north-west, and the workings commenced on the Derbyshire long wall 
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system (vide map I.), the whole of the coal being extracted, the faces 
working to the rise, and packed inclines through the goaf for the conveyance 
of the coal from each stall to the level, at about every forty or fifty yards, 
being carried forward as the workings progressed. 

The rise of the mine was about one in five, giving an ample gradient 
for a series of self-acting planes, and thereby much simplying and reducing 
the cost of underground conveyance. 

The mine proved to be perfectly dry, though fiery, a circumstance 
unusual in the district ; and in consequence of the workmen being very 
incautious and unaccustomed to any amount of ventilation, great care was 
requisite in the management. The ftimace arrangements were on a scale 
previously unknown in the district, and the quantity of air passed, though 
only about 25,000 cubic feet per minute, was considered by the miners 
excessive. Afi;er-experience proved it to be insufficient, and, as the works 
extended, the quantity had to be increased. The ventilation was exceed- 
ingly simple, owing to the method adopted in working the coal. The 
intake current, travelling along the main working levels, was split at the 
bottom of certain of the inclined planes, and conducted to the face, 
whence, after sweeping along an allotted length of the banks, it was 
conveyed to the upcast by a main return air-course. And tliis, in 1849, 
being found heavily charged with gas, a dumb drift, the first, I believe, 
ever made in the district, was driven. In the meantime, the demand had 
so much increased as to require a greater daily output than the engine 
was capable of drawing. To meet this, a more powerful winding machine, 
a thirty-inch liigfh pressure vertical engine, with twenty feet ilat rope 
rolls, was erected. 

This machine was sufficiently powerful, drawing only a single corf at a 
time, averaging ten cwt., to raise to bank between five and six hundred 
tons of coal, exclusive of slack and dirt, per day, the whole of which was 
conveyed from the workings to the levels by self-acting inclines, and then 
along the levels to the pit bottom by horses. 

When the No. 4 shaft was sunk on the north levels, it was made both 
the downcast for the works, and conducted and bratticed for winding 
double. A forty-inch high pressure vertical engine, with eight boilers, 
was erected, for winding with three-tier cages. 

The No. S district, with which the stone drift communicated, was also 
opened on the long wall system, as had in the first instance been adopted, 
und ventilated in a similar manner, the liirnace being nine feet wide by 
nine feet long, in a twelve feet arch. At first, owing to a difficulty in 
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getting the No. 3 pit to upcast^ a Biram's fan was placed at the top of 
the shail in order to ventilate the works, and was worked by the small 
engine which had been used in sinking, but this was abandoned as soon 
as the Airnace could be got to act. The quantity of air now passing is 
about 60,000 cubic feet per minute. The mine in this district is found 
to give off very little carburetted hydrogen. 

By referring to the plan No. I., it will be found that from the shaft to 
the point where the stone drift intersects the coal the distance is 1180 
yards, and the nearest working place, in the first instance, would be at 
least 240 yards more, or 1420 yards from the shaft; and to the boundary, 
where tlie works would ultimately have to be pushed, it is on the level 
course 3500 yards from the pit eye. The royalty also extended 2800 yards 
to the deep of the levels. From this it will be readily understood that the 
most economical and effective mode of underground transit was a most 
serious and important consideration. 

To convey the coal by horses for such distances was not to be thought 
of, and steam power was the only one applicable. A twenty-inch hori- 
zontal engine was placed near the bottom of the No. 3 or upcast shaft, 
with three boilers, and gearing for working an endless rope. This is a 
wire rope, 1 J inches in diameter, and is run on rollers placed five yards 
apart, and at the bends in the level it is kept in its position in the centre 
of the roads by binding sheaves, and at each extremity passes round a 
turn-wheel, seven feet in diameter. Great care has been used to reduce 
friction to the lowest possible point, and to take' advantage of every 
appliance for reducing tlie cost of conveyance as much as possible. At 
first, this rope only came from tlie drawing shaft to the engine, 1180 
yards. It was afterwards carried 250 yards farther, and lately it has 
been taken 210 yards farther still, and it is intended to extend it to the 
extremity of the present working levels before the ensuing winter, when 
it will be upwards of 5200 yards long, and will convey the coals 2580 
yards, or 1 1 miles nearly. It is kept in continual motion by the engine, 
which works with 15 lbs. of steam per square inch, and conveys at one 
time four trains, each consisting of thirty-two loaded trams, and four 
trains of empties, and these are at pleasure detached or attached while 
the rope is in motion, by means of tongs, a single pair of which grip tlie 
rope sufficiently tight to haul a load equal to about twenty tons. The 
tongs have a long leverage, and the hand is all that is required to make 
them giip. In addition to the main plane, the engine works the deep 
incline or Bulwell plane, and also a pump, which was required for raising 
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the water met with in the swamp^ to the top levels, from whence it flows 
to the winding shaft, and is drawn at night bj the engine. The total 
fidl of the Bulwell incline to the present levels is seventy-three yards, 
and this is accordingly the height of the column of water which has to 
be raised. Six-inch trees were laid down the return air-course, with two 
sets of double clacks, and escape valves. An eight-inch plunger, with. a 
stroke which can be regulated from two to three feet, worked by a 
quadrant, was fixed in a sump at the bottom of the plane, and tlie head 
of the plunger was weighted so as to just overcome tlie resistance of the 
column of water. Every part is most carefully adjusted and kept in 
order, so that at no part of the pump, even when in full stroke, is the 
slightest sound audible, and this is found to enable the engine to work 
the pump alone with only 3 lbs. of steam per square inch, when pumping^ 
eight strokes per minute. To work tliis plunger, wooden rods, four 
inches square, running on metal pulUes two feet in diameter, were carried 
down the Bulwell plane, and connected with the engine by four to one 
gearing and a bell crank. The only '' fend-off bob" required was at the 
turn in the level, the incline being perfectly straight. These, then, are 
the duties at the present time of the engine : — to work the main plane, 
1640 yards long; the Bulwell incline, 1000 yards; and pump a six-inch 
column of water seventy- three yards in vertical heiglit, at 1000 yards 
distance. The quantity of water raised by this pump daily (about eight 
hours being occupied in pumping) is 10,000 g^lons, at a cost of 2*95 
pence for every 100,000 gallons raised one foot high. The cost per ton 
for conveyance up tlie Bulwell drift is 1*44 pence, or nt the rate of 2*53 
pence per ton per mile ; and here it must be mentioned, that this incline 
is unfinished, having at present only a single rope on it, and the quantity 
of coal brought up being small, owing to the works not yet being in full 
operation. On the main plane the cost per ton is 1'20 pence, or at the 
rate of 1*28 pence per ton per mile, and on the horse levels and self-acting 
planes at the rate of 0*55 per ton per mile, making the average cost of 
underground transit 3'45 pence per ton per mile.* 

The expense and inefficiency of oil lamps and candles for lighting so 
great a length as 2000 yards of road, along which the main intake cur- 
rent was passing, led to the introduction of gas imderground. Works 
were established in 1858 on the surface, and a three-inch main passed 
down the downcast and along the jiiane to the engine, and a two-inch 

• All wap^es, stores, and repairs are included in these calculations, but not interest of 
capital. 
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main continued forward some distance. From these^ service pipes were 
taken^ and lights placed every twenty yards along the plane and levels. 
The gas is made to descend the pit by a &11 of water through the vertical 
mains, causing an exhaustion of g^ from the holder, which being driven 
on by the weight of falling water above it, is compressed in the horizontal 
mains in the pit There are now upwards of one hundred lights used 
in the pit In order still farther to economise labour, blacksmiths' 
and carpenters' shops, together with a store room and office, have been 
built near the underground engine, which, together with the stables, are 
lighted with gas. There are only seventeen head of cattle in the pit, viss., 
five horses, ten ponies, and two donkeys. The works have all been laid 
out on an extensive scale, with the view of raising a large quantity at as 
small a cost as possible ; but hitherto not more than 600 tons per day 
have been drawn, and this is entirely owing to a system of limitation on 
the part of the miners, who have been, till lately, under the influence of 
an union which has been subversive of all discipline, and detrimental 
alike to the employer and employed. The depression in trade has, 
within the last month or two, done much to break up this baneful agency. 

Since the first opening of this colliery, there have been twelve fatal 
accidents, and 1,448,132 tons of coal raised, or one life lost for every 
120,677 tons got 

The other collieries at Babbington, Cinderhill, and Newcastle are 
carried out in a similar manner to the one here described, though they are 
not at present so extensive. 

The President — I beg to move a vote of thanks to Mr. Smith, for 
the interesting description he has read to us of the working of this col- 
liery. Carried by acclamation. 



ON THE METHOD ADOPTED IN 

WORKING THE MAIN SEAM OF COAL 

AT 

MOIBA, IN LEIGE8TEBSHIBE, 

PABTICULABLT WITH BE7EBEN0B TO SPONTANEOUS COMBUSTION. 



By GEORGE FOWLER, Ashby-de-la-Zouch. 



About twelve miles south-west of Derby there occurs an isolated patch 
of coal measures which, from its resemblance in some points to both the 
Derbyshire and Warwickshire coal-fields, claims to be an outlier of each, 
and from its position, occurring nearly midway between them, affords a 
plausible reason for the theory that it has at some period connected them. 
It is not necessary, nor indeed possible, to give any detailed description 
of the structure of this coal-field, the subject of this paper being the 
working of a seam found in one portion only of the district; but the 
following outline will, it is hoped, be found interesting. 

The extreme length is about twelve miles, extending firom Burton on 
the north-west to Coalville on the south-east, and its breadth nearly 
eight miles. It is bounded on the north-east by a large upthrow &ult, 
calculated by Mr. Hull to be, at the south-east end, more than 700 yards 
vertical, but diminishing considerably farther northward. On the south- 
west its boundary is not clearly marked; there are numerous &ults 
running north-west and south-east, some concealed by the overlapping 
sandstones, others breaking through them, and, consequently, of later 
date, and whether by one of these faults the coal is thrown out or not it 
is at present hard to say. On the east, syenitic rocks, surrounded by Cam- 
brian slates, appear above the surface, tilting up the coal measures at a steep 
angle. It is considered probable by geologists, that though these igneous 
rocks have been greatly elevated since the deposition of the coal measures, 
still that they were in existence before, and formed a shore round which 
these strata were deposited. 
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On the north-west the coid measures crop out beneath the new red 
sandstone. Through the middle of the field^ from north-west to south- 
east, runs a strip of unexplored, and, it is believed, barren coal measures, 
about two miles in width, which divides it into two portions extremely 
unlike one anotlier in the sectional arrangement, in the quality of the 
coals, and in their number and thickness. It is true that many attempts 
have been made to compare them together, but the success has been so 
little, commensurate with the labour bestowed, and the conclusions 
arrived at so different, that tliey may be rejected as unsatisfactory, Mr. 
Hull submits a theory that both portions are of the same age and on the 
same geological horizon, but that their individual beds have no connection. 
It may be also noticed that the Coleorton district somewhat resembles the 
Derbyshire coal-field, while in several particulars the Moira basin is much 
like the Warwickshire and South Staffordshire coal-fields. 

In one particular this general similarity is striking ; the Moira main 
coal and some of the Staffordshire and Warwickshire beds are alike 
subject to spontaneous combustion. Now, till the causes which produce 
this liability are fully understood, and the reasons why it is confined to 
certain seams in one or two coal-fields are known, it would be arg^ng 
on very imperfect data to consider this peculiarity in a seam in one 
district any proof that it was equivalent to a bed manifesting the same 
tendency in another, especially if no other reason could be advanced. 
Still, the facts are in themselves peculiar, and their investigation may 
throw light not only on the connection between different coal-fields, but 
on the 3'et unsettled question of the origin of coal itself. 

The general dip of the Coleorton portion is south-east, extending 
regularly from the millstone grit to the sudden termination of the coal 
measures by the syenite. In the north-west portion of the Moira district 
the dip is also south-east, but about midway it changes, and in IJ miles 
by a natural rise of one in ten, and by a series of upthrow faults, more 
than 1000 feet of coal measures crop out at the surface. It may be 
noticed as a singular fact, that in the Coleorton part there is scarcely a 
fault, and that the measures actually dip towards the syenite ; whilst in 
the Moira district, remote from igneous rocks, the strata are so broken 
up by faults (many of them large), that in one of the earliest collieries 
sunk it would have been hard to have gone fifty yards without meeting 
with one. 

The method of work which experience has proved to answer best is the 
long wall of the Midland Counties, modified to suit the nature of the coal. 
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As from the irregularity of the faults, the plan in wliich it is applied 
differs at every colliery in form, though in principle the same, perhaps it 
would be better to treat of one colliery only, of which the diagram is a 
sketch, which, though inaccurate as a plan, from the impossibility of 
showing the extent of the workings to a scale sufficiently large to give 
the details of each, shows clearly the method of working. The coal at 
this colliery (the Newfield) is from twelve to fifteen feet in thickness, but 
of this, owing to inferiority of quality and diffisulties of working, only 
six feet are at present worked. The section is — 

Clunch and butt roof. 

Over coal 2 feet. . • .very inferior, left. 

Main coal 6 „ ....good, got. 

Nether coal 6 „ •••. variable, left. 

It may, perhaps, be a matter of surprise why, from so large a thickness, 
comparatively little is worked. Tlie two feet of over coal left is fer too 
inferior to pay the cost of extraction, and the nether coal is so far bad, 
that it is doubtful whether it would compensate for the increased cost 
and danger in extraction. 

The Moira coal is especially a house fire coal, but the nether coal does 
not come up to the standard which this purpose requires. When, from 
the exhaustion of other seams, coal is getting scarce, it will then doubt- 
less be reworked. 

The whole thickness is composed of frequent alternations of dice and 
spire, which makes it tough to get down when holed, though tender and 
dusty when got. Perhaps the crushing caused by the many faults has 
also tendered it. Above the coal lies a soft batt and clunch, and beneath 
it clunch and hard rock. 

It will be seen on the diagpram that there are a series of large parallel 
faults running nearly in the strike of the coal ; between these the coal 
rises generally about one in ten. 

The faces extend in one straight line from fault to fault, and are 
divided into stalls of about eighty yards in length. One gate road is car- 
ried within thirty yards of the lower fault, and kept as nearly as possible 
on the level, and from it slanting gates are branched leading to each stall. 
In getting the coal it is first holed a yard under, and then brought down 
or driven by hammers and wedges ; many attempts have been made to 
use powder in doing this, but from tlie tenderness of the coal, and the 
absence of any parting at the roof, they have hitherto failed. The roof is 
supported by three rows of iron or wooden props or puncheons, the last 
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row being knocked out and brought to the front, each time the fiice is 
holed. Though pretty good when well timbered, no great breadth of roof 
will stand without support. 

The ventilation is very simple, the air current flowing from the down- 
cast shaft to the centre gate end, where, splitting, it courses down the ffu^e 
and returns to the upcast shaft. The windheads are driven in the nether 
coal under the works, and communicate with the face by a roughly packed 
airway or carving, in which, at intervals of from ten to ti^'enty yards, 
curry or staple pits are sunk to the nether coal head ; by this plan the 
communication between the airways and the old wastes is easily closed. 

From the absence of any stone or other material sufficiently hard above 
the coal, the gate roads are packed on both sides with short lengths of 
cordwood, laid in tiers lengthwise and crosswise, small slack being filled 
in to make it solid. To gain height, two feet of the nether coal is cut up 
under foot, and one or two feet of the top coal taken down. Inside the 
waste, and about four feet from the pack or brattice, a wall of stiff, well- 
tempered clay, locally called " wax," is built ; and as this is done near 
the face when the workings are their full height, the sinking of the roof 
squeezes it out, and effectually seals up every crevice. The reason of this 
precaution is, that a current of air passing over any rubbish sets it on 
fire, and this liability to spontaneous combustion is the great difficulty 
found in working this coal seam. So inflammable is this coal, when 
acted on by a current of air, that pass-byes where waggons stand, or any 
place where tliere is an obstruction driving the current of air against the 
packs, is liable to fire. If a small crack in the over coal extends over 
the clav wall into the waste beyond, it will, if tliere is anything to cause 
a draught, fire. It is for this reason that the clay Avail is built some 
distance from the pack, to lessen the chance of a crack extending so far. 
It is generally thought that the mixture of clunuh with the slack increases 
the danger, but its presence is by no means necessary. ^lany curious 
instances of spontaneous combustion have been observed. Th(i following 
may perhaj)s be interesting. At the place where a pate road branched, 
the smell of fire was perceived, but though the wastes on all sides were 
opened, no traces could be found. At last, by cutting down under foot, 
fire was found in the solid nether coal. A crack ha])j)ened to run in the 
nether coal underneath the V shaped })acking, and a drau«>ht of air 
drawing through it set the coal on fire. 

It is curious, in looking over old plans of the collieries, to see the 
trouble that these fires have occasioned, and the precautions which have 
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been taken to prevent them. In the earliest workings it was the custom 
to leave a pillar of solid coal on the side of the gtite road ; but this was 
not found to answer well. From the tenderness of the coal, the pillars, 
unless very wide, were much crushed, and the roads, botli on floor and 
roof, were far more troublesome to keep in repair than when packed 
through the wastes ; added to which, the cost of driving these roads, and 
die waste of coal caused bj leaving the pillars, was considerable. 

Trials were once made of pillar and stall work, but, as might be 
expected, the air could not bo excluded from the wastes, and the tender 
roof coal and clunch falling down, increased the liability to fire. The 
plan now adopted has hitherto been found to answer best; fires rarely 
occur, and when they do, there is little difficulty in taking down the 
packs, remo^dng the heating rubbish, and filling the place with sand or 
burnt spoil bank. 

It is not so easy as might be wished to offer a satisfiictory explanation 
for the causes of this liability to spontaneous combustion, for though the 
presence of iron ppites is generally considered to be the reason, they 
oflen occur without showing any such tendency. 

Perhaps the presence of salt, which, from its efflorescent qualities, 
moistens the coal and assists in the decomposition of the pyrites, may be 
a reason. 

A careful analysis of the coal compared with others, and an accurate 
examination of the gases produced in the different stages of spontaneous 
combustion, would throw much light on the subject. 
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MR. FOWLER'S PAPER ON WORKING THE MAIN COAL SEAM AT 

MOIRA COLLIERY, 

FA&TICULABLT WITH BEFEBENCE TO SPONTANEOUS COMBUSTION. 



ITie President said — Having heard the excellent paper read by Mr. 
Fowler^ I shall be happy to hear the opinions of the gentlemen present 
on tlie subject. 

Mr. Darlington — The reason why I put the question after the 
reading of Mr. Woodhouse's valuable paper was, that we have found 
very great difficulty in the Midland Counties in working the long wall 
system, arising from spontaneous combustion, which invariably occurs 
when the long wall spaces are exposed to the atmospheric air. The 
paper which has just been read is a very valuable one, and the diagram 
of the colliery exhibited very clearly shows the precautions which have 
been adopted at Moira to guard against spontaneous combustion. It 
must be evident to every one who has suffered from this very troublesome 
thing in mines, that it is a very simple and effectual way of dealing 
with it. 

Mr. Blackwell — I think the mode adopted at the Moira Colliery, 
for tlie purpose of preventing the spontaneous combustion of coal, is 
evidently in principle the same as that which we are compelled to adopt 
in this district, namely, to exclude the atmospheric air. We have in this 
district a description of coal which is peculiarly liable, like the Moira coal, 
to spontaneous combustion, and the only way in which to prevent that 
spontaneous combustion, seems to be to exclude every particle of air from 
those places in which experience has shown that it is likely to occur. 
There is one very important consideration connected with this question 
of spontaneous combustion, and it is a point wliich deserves as much as 
anything can deserve, the attention of such an Institute as this, with a 




us 

view to iti dneidstion. Ha quitian whioh I wiih to lolnit to jvk Ii 
lliu. Wliit ii tha nuon iriiy oeMain dMoiptioiu of oodlf ntaito Ib 
flartain diBtriotB, haTebaenpntradbjezperisiMwiiiirarkiiigtobatoBBA 
ittne liable to qionbuieoiu oomlnution, than an oartain oAar danr^ttOM 
of ooal ntiute in other diatriota f I do not Uiink that that aalgaBt haa 
bean hitherto fttrj esrefolly eomidered. It hai, I baliem, beaa gimnBf 
aappoaed Aat the apootaiMnia oomlniatiaa of ooal a rian a &em tfw aelioK 
of the atmoijdiBrio air iqioa p^tea in the ninci, irhioh deoompqaaa it. 
QenUanuB pnaent will ooiraot ma if I have not ataied in genanl tanaa, 
and prettrf aoenrstely, irhat ia die ahnoat nniTeriallj zeoeind opiBioa 
with Kdbranoe to tha oanae of qtontanaou oombnation in ooal nrinaa. 
Tot nv own par^ I han long entartunad the opinion Hut it doaa . sot 
■riae from the deoonqnaition of pTzitea. Bpantansoiia oombaation takaa 
plaee^ ai haa been repeatedly prored, in ooala which are qnite km 
from pyritea; not only thftt, bnt it takes plaoe moat aapeeially ia oarttja 
ooala which an peooliarly fraa from pyiitaa. There ii no pnnr ooal ia 
thii conntry than the think ooal of Soirih Staffimlihin. Ita great v^laa 
artaea ont of ita extreme pnrity, and that pori^ ti attribntaUe toila 
froedran from pyritea. That it ia free from pyritea moat be erideat to 
•my one who haa obeerred iti oombnation. The aah ii aa white aa tfa^ 
aah of wood« and the shalfla inteiapened in diia ooal, if anlfjeoted to tba 
aetion of the fire, do not bnm brows^ which they would do if tiwy 
contained any appreciable quantity of pyritea. Now, Bpontaaeona com- 
bustion, I am fiitly prepared to etate, arises in one class of coals only of 
a peculiar chemical composition. All coals may be divided into certain 
classes, although there may not be any very well defined lines of demar- 
cation between the classes. Coal varies by imperceptible degrees, forming 
first the cliiss called lignite, extending through the free-burning coals, 
such as tboae of South StoSbrdsbire ; thence passing into the more con- 
centrated descriptions, or caking coals, and ending at the other end of. 
the scale of classification with anthracite. Now, the various changes 
which have produced these different descriptions of coal are metamorphio 
in their nature, and are manifested by the gradual elimination of the 
gaseous elements. Most of these elements are nearly absent in those 
varieties of coal which form the lower end of the series, but as the 
coal approaches towards lignite, it contains a much larger proportion of 
oxygen. I am not able at the present moment to state the exact mode, 
in a chemical point of view, in which the diflerent constituent elements 
of coal are associated with each other, but when gentlemen who are 
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Acqnainted with the various classes of coal which are more peculiarly 
liable to spontaneous combustion^ come* to examine the nature of its 
chemical composition^ they will find that there is no coal which is liable 
to spontaneous combustion^ except that in which a large amount of 
oxygen enters in composition, and this will be found to be the first class 
of coal that has departed fi'om the lignite. When coal becomes more and 
more metamorphic, the oxygen is the first element which is eliminated, 
and it is lost,^ in a great degree, before the coal becomes of a caking 
quality, and then it is no longer liable to spontaneous combustion. I 
think no coals but the very iree-burning coals are liable to spontaneous 
combustion ; I believe no caking coals are ever foimd which are liable 
to it. In consequence of a certain degree of metamorphic action, coals 
become so fiir deprived of their oxygen as to become caking, and in that 
state they scarcely contain any oxygen whatever, and the coal is no 
longer liable to spontaneous combustion. I apprehend, fi'om these cir- 
cumstances, that it is clearly fi*om the decomposition of the coal itself, 
promoted by the oxygen which is chemically combined in some manner 
or other with the other elements contained in tlie coal, which is the cause 
of spontaneous combustion in coal mines, and that the chemical decom- 
position, which is the cause of it, is incited and brought about by the 
presence of atmospheric air. It is a very curious subject, and I am not 
able to state, with sufficient accumcy, the chemical action which does take 
place, and which leads to spontaneous combustion. It would appear that 
the carbon in certain coals is in a state producing a tendency to unite 
with oxygen ; and I think, that when the question is fully entered into, 
and the attention of chemists has been properly directed to it, it will be 
found that it is only this class of coals abounding in oxygen which are 
thus liable to spontaneous combustion. That spontaneous combustion 
results from the decomposition of the coal itself^ by the action of oxygen, 
will, I think, be clear, when it is recollected that coals having that ten- 
dency produce large quantities of carbonic acid gas. 

Mr. Matthews — I cannot altogetlier agree with my friend Mr. 
Blackwell in tlie theory which he has offered for your consideration, in 
resi>ect to the decomposition of the coal itself being the main cause 
which leads to spontaneous combustion. Mr. Blackwell has laid down 
the axiom, which I believe is generally admitted, that the decomposition 
of pyrites existing in the coal, but which is not one of the constituent 
parts of the coal, gives out the gas which spontaneously fires. 

Mr. Blackwell — No; you have altogether misunderstood me. I 
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Utah diMijr. I stetad that it was Uie gsnerallT reoeived 
cfdidoii, bnt I oontnTsrtad that opiiiias. 

Vi. MAWH a wi -My friend oertMiilT allBdad to tin dMamporidM «r 
pyiitwM being >TBoeiTeiemiefcrym 1«i eoiii'floiabiwtiBB,md lAak* 
ever ugnmanti mnj bo Rdnnoed to ft« ecaOnrf, I aartiinly ttUk'lhal 
the greater nnmbor of flewe of tlu ipantKwone oombtiftioa <rf ecMbhMe 
been ■ttribnted to the deoonipantiaD of pyiHee. Wfaednr Oat o^ialm 
be ft oomot one w not a another qnatkm. I ifanplj' etate it at sJMf 
and I tlunk it will bo ibnnd to be tlw rale that qxmtanaaaa ooadari^ 
ariM* fiom that oasw, and tint although than m*f ba ■ooe olhv «■■■■( 
jet tiiat thflj faaa the exception. We knoir Aat pTiitoi notf-ba 
mflnhaaioally oomUnad with the ooal, or that it ni^ be. man iiiMwtoljf 
or ehemically mixed vp with it. In the omb cf iiii*«iHi»i ooBUaalli^ 
it ii qnits eridemt tibat where yon leave a maa of ooal, ^agmMaSag 
a eoneiderable portion of i^rltea, to the fiae aotton of Aa ataH** 
phario air, Bpontaaeou flomboatiooa. takee plaee ray m^iBj iadoad. I 
neolleot Teiy well iome jean ago, that when I waa eaf^ged in tatmiag 
a odlaetion of the Tariooa itrata of ooal meamiao in tin Nordi af 
Snria"^ and other distarioti, I 'took a portion of Mala, and eanUlv 
wi^ipad Hum np in a yxpts, labelled them, pnt them into a oablBa^-mA 
CngotthcBn. Two or three yean aftarwarda, irtien X opened the eaUHl 
I fimnd (hat more than half of Oe ooal, probably two-thirda df i^ 
althongh it contained very little irrritee, was not only deoompoeed and 
disintegrated, bnt that it had burnt all the paper in which it waa wrapped. 
On examining that coal, I found that there was a certain amount of 
pyrites either mechanically mixed up with the coal or chemically com- 
bined with its coustitueat elements. Whatever other causes, therefore, 
there may be which may lead to spontaneous ccmbusticn, it is a clear 
proof that the decomposition of the pyrites was, in this instance, the 
cause of the spontaneous combustion. Mr. Blackwell has informed us 
that a free-burning coal, or, in other words, a highly oxygenated descrip- 
tion of Goal, is more liable to this sort of sponlAneous combustion than 
any other kind of coal. Now, I think I can mention one exception to 
this rule, if it be a rule, and that is the Brooch coal of South Staffbrdahire. ' 
That is a remarkably pure coal ; it bums with great rapidity, and leaves a 
less quantity of residuum than any coal with which I am acquainted. Yet 
I happen to know that that very coal, possessing all those characteristics 
which Mr, DIackwcll described as peculiarly appertaining to coal which 
waa more liable to combustian than any otber class of coals, is remark- 
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ably free from any liability to spontaneous combustion, whereas the thick 
coal, which contains a very considerable portion of pyrites, is found to be 
very liable indeed to spontaneous combustion. Anybody who is at all con- 
versant with the working of the seams of thick coal in Staffordshire, must 
be well aware that, under any circumstances, a very small portion indeed 
of the course can be kept open, owing to the decomposition of the coals, 
which arises from the circumstance of their containing* pyrites ; and the 
general opinion among mining engineers and others is, that spontaneous 
combustion arises from the decomposition of pyrites. I must say that I 
strongly concur in that opinion. There cannot be any doubt whatever 
of the importance of the information which is contained in the paper that 
has been read to the meeting, especially that portion of it which has 
reference to the causes to which spontaneous combustion is attributable. 
It must be evident to any one that, before you can derive any proper and 
efScient remedy to prevent the recurrence of the evil, we must find out 
with some degree of certainty what it is caused by. Not only in the 
working of the coal does spontaneous combustion arise, but wherever any 
quantity of the coal is thrown, when it is exposed to the atmospheric air 
decomposition immediately begins to take place, and spontaneous com- 
bustion ensues. The inference which is naturally to be drawn from that 
is, that spontaneous combustion must greatly interfere with the working 
of the mine. I must candidly confess that at present I cannot see that 
any satisfactory cause has been assigned. If it is not to the presence of 
pyrites, to what other cause is it to be attributed 7 Perhaps it is, after 
all, more a chemical than a mechanical question ; and if so, I should be 
most happy to hear the opinion of any gentleman who is more acquainted 
with the chemical portion of the question than I am. In fact, I should 
be delighted to have the opinion of competent authorities on this most 
abstruse and difficult of subjects. 

Mr. Grbekwbll — We all know that there are many vegetable 
substances, such as flax and other kindred materials, which, if packed 
together and exposed to atmospheric air, become liable to spontaneous 
combustion. It may arise from the presence of some chemical element 
intimately connected with coal and other vegetable products in a certain 
chemical condition and exposed to certain chemical influences. 

Mr. Birkenhead— I believe it has been generally considered hitherto 
that coal is a mineral in wliich carbon, hydrogen, and oxygen, with a 
little nitrogen, are combined. It must, however, be remembered, that 
the wood from which the coal is derived originally may be of many 




flioii^ in ft difierent d^ree^ ind p 
of &ete propartin mi^t tend to prodnoe ovtiin "^■"^l ^AMBgHii 
dsoompiMdtton more readily tliaa olhen. Mmj it not be Ae taMB^itat fcr 
tta nunoal ooel thare in prnent » gmt many otbar nAelMMIitf 
jatmutdf mixed op together, eoma of whioh are luUe^ is Ae oenMflC 
deoompontum, to ipontaaeou oomboitioD, while oUurs ue aot^ Uiv 
mrtain dawr^>ttona of ooal mej hsve a prqiondannaa of iNeiiTwIlWii 
ehmanti irhile othen do not ponen than; end jet ell thOM difcwt 
denriptionB of ooal may fhmiih, in the aggragite, ahnoat preaiMfy Aa 
nma analyna. It may, therefine^ be a qoeitioD, ■nppoiiagllHltipiMF' 
taaaoni oombastion doee not azin from the deoompoaition ofjijilf 
-whether it doea ariae flom Hut m not ia anodtar qnaation aatiwly hi% 
wanmiTig ftat it doea uo^ it may be a qneatian whether thoae eoala lAkk 
an of an inflammable ohanuiter do not oontain a prapoidanMa»-«C 
eartain oonstitDBnte (tf an inflammable naton which h abaant in flu imi 
iridoh it not apedally inflammable, and yas ttiat the two qnaiaMM «C 
ooal mi^, in the a^ngate^ fnmiah the aame amonnt of oarbon, hyiliiigi 
oo^gen, and nittog^ With reepeet to the qtiaation of Aa iluuuiiipuiilfai 
of pyritea baihg the ohief eaaae of aponfaseone oombvatioB, it hai Him ' 
obavred, by Kr. Blaokwell, fliat nuay deaeriptiosB of ooal iriiioh eeaCifa 
a large amonnt of pyritei an not Bpontaoatmaly inflammabla It m«V 
however, be remembered, that there an aeverel descriptions of pyritea 
not rery readily distingaisbable by the eye; and it vbb genoally 
supposed that some of the varieties of pyrites are very liable to sponta- 
neoas combustion in the process of decomposllion, while others do not 
possess, except in a very trifling degree, tJie same liability. Henoe it 
may happen, that the coal whioh contains the combustible pyrites may 
lose its appearance of impurity, while that which contAins a large amount 
of that variety of pyrites which is not combustible may present a 
remarkable appearance of the pyrites, accompanied by the usual indica- 
tions of their presence in the production of a brown ash, and in various 
other respects betraying that presence. I did not understand Mr. 
Matthews's distinction between coal which contains pyrites chemically 
combined with it and coal containing pyrites mechanically mixed with it; 
I am not aware that chemists understand any chemical union to exist 
between pyrites and coal, and I think it probable that in nearly all cases 
the pyrites have been introduced into the coal a very long time i&et it 
has been formed. 
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Mr. Matthews — I cannot quite concur in the in<^enious doctrine 
which has just been propounded by Mr. Birkenhead, with reference to 
the introduction of the pjTites long after the formation of the coal. If 
we examine the lamin&e of coal in which there is pyrites, we shall find 
that it is so mixed up with it that it must lead us irresistibly to Uie 
conclusion that it was formed at the time the coal itself was formed. In 
other cases where it is not so intimately blended, it may be the result of 
infiltration, but whenever it is combined in the form of laminiB, then 
I consider that it must have been formed at the time the coal was 
formed, or nearly coincidently. With respect to the distinction which I 
drew between the chemical combination of pyrites with the coal and the 
mechanical mixture, I think the distinction is a i)erfectly proper and just 
distinction, seeing that in some instances the pyrites take the laminal 
form, and in others that of nodules or compact masses, mechanically 
distributed in the body of the coal. 

Mr. Greenwell — In support of Mr. Matthews's theory, I could 
mention more than one coal bed extending over a very large area, where 
an examination of the coal must convince any one that the pyrites are 
a part of the original formation, or were formed shortly after the bed. 

Mr. Blackwell — Perhaps I may be permitted to make a few 
remarks in explanation of what I said before, and more particularly with 
reference to what Mr. Matthews has said. In the first place, I did not 
attribute the spontaneous combustion of coal in mines to the presence of 
the pyrites at all. I attributed it in all cases to the peculiarly oxygenated 
composition of open-burning coal which exists before coal becomes so 
concentrated as to form that more metamorphic description which is 
known as caking coal. Caking coal contains only a small part of the 
oxygen which once existed in it, and anthracite coal contains so small a 
quantity of oxygen as to be almost inappreciable — perhaps one or two 
per cent. But the free-burning coal which is so liable to combustion, 
such as the thick coal of Staffordshire, the Moira coal and several other 
descriptions of coal, contains as much as sixteen or seventeen per cent, of 
oxygen, and I apprehend that tliere exists some peculiar condition in that 
coal, which, when it is exposed to the action of the atmospheric air, 
renders it thus peculiarly susceptible of spontaneous combustion, in con- 
sequence of its tendency to chemical decomposition. With respect to the 
decomposition of pyrites which may exist in the coal being the primary 
cause of spontaneous combustion, although I admit that in some cases 
it may be a secondary or extraneous cause, I must again appeal to 
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the fsct, which I consider a very strong one indeed, that time ia aa 
appreciable quantity of p^-ritea Bither in the tbiclc coal of Stalfordshire or 
in the Aloira coal-bed, notwithstanding' which spontaneoua combustion 
takes place in both. They are both white ash coals, and if there were 
any appreciable quantity of pyrites in them, it would he at once evident 
from the brown colour of the ash when the coals are burnt. All ooala 
which contain a large quantity of pyrites burn to a brown ueh, and 
pyrites cannot exist in coal without its becoming' distinctly evident upon 
its being burnt. I think all gentlemen who have examined the different 
coa! seams in this country will agree with me when I lay down tlie 
principle, that in no cases are caking coals liable to sponteueous combus- 
tion under any circumstances, or under any conditions whatever. Aa I 
have said, and as I repeat again, those coals which are more peculiarly 
liable to spontaneous combustion, are ibe open trfle-burning coals, like 
the thick coal of Staffordshire and the Moira coal ; hut the caking coals 
are not thus liable. We know that a Iiighly onygenated coal flames very 
much, and burns away very rapidly, not caking in the shghtest degree, 
and I believe there is no instance of spontaneous combustion taking plac« 
in any other than these very free-burning coals. In all highly oxygenated 
coal, as far as my experience goes, spontaneous combustion takes place, 
whereas in caking coals no spontaneous combustion takes place. Taking 
these two facts together, I think that they afford conclusive evidence that 
spoiitaiieoua comlmstion arises not from the decomposition of pjTites, 
as has been fronerally imap'ined, but from some specijl condition in the 
coal itself, which does not exist after it has been subjected to metamor- 
phic change, and my opinion is, that this quality or condition permitB the 
decomposition of 1^e coal itself to take place, but that in the other ease 
the absence of the particular condition existing in the former case, pre- 
vents the coal from becoming liable to spontaneous combustion, 

Mr. WooDHOUSE — Gentlemen, I assure you that it is with extreme 
diffidence that I venture for a moment to di&r from so high an authority 
upon this subject as my friend Mr. Blackwell. I wish, however, to (^r 
one or two observations with respect to the coal of the Moira coal seam. 
I may at once say that, with respect to the thick coal of Staffordshire, 
although I am acquainted with it from casual observation, I have not 
studied its character with such a minute degree of attention as to justify 
me in offering any positive expression of opinion with regard to its 
constituent elements, or, rather, I should say its component partB. 
Mr. Blackwell will, however, I hope, permit me to correct him upon one 
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important point which he has referred to more than once during the 
present discussion^ and relied upon as one of the strongest in favour of 
the line of argument he has taken. Mr. Blackwell has assumed through- 
out the whole of his argument^ that the Moira coal seam produces a 
highly oxygenated coal, free from pyrites^ and burning to a white ash. 
Now, so far from the Moira coal being a white ash coal, it is essentially 
a brown ash coal ; and all that part of the Moira coal-bed which produces 
a white ash coal (for I am free to confess that a portion does so), is 
entirely of a secondary character. Some of it burns to a white ash ; but 
of the presence of pyrites in the Moira coal there is no question whatever. 
I do not happen to have the analysis with me, but I know the quantity 
of pyrites is very large. Its presence may be perceived in the upcast 
shaft, and it is sometimes found in large lumps, which we have tried to 
sell to the chemists. On some occasions they come to the mine and buy 
it freely, but on other occasions it is not so much in demand, and they 
will not have it at all. There is a large quantity of it collected. What 
the analysis is, I am not prepared to say. At the same time, I may 
mention that, in some of the mines in the county of Derby, there is a 
large quantity of pyrites taken out of seams of coal, while in those parti- 
cular mines there is no trace of spontaneous combustion at all. 

Mr. Blackwell — ^Will you inform me, Mr. Woodhouse, whether the 
Moira coal, of which you ar^ speaking, is a non-cdking coaly as is the 
case in Derbyshire, and whether that portion of the coal which is not 
non-caking is not a portion that is most subject to spontaneous combus- 
tion in the mine ? 

Mr. Woodhouse — I am speaking of the top hard seam, which is 
essentially a non-caking coal, and which contains a large quantity of 
pyrites of iron. But there is another seam in the Derbyshire coal-field, 
called the black shale. That is the lower seam, and that also contains 
a large quantity of pyrites of iron. 

Mr. Blackwell — And that, I presume, is a caUng coal? 

Mr. Woodhouse — It is essentially a caking coaly and is not subject 
to spontaneous combustion. The Moira coal generally is very liable 
to spontaneous combustion. 

Mr. Blackwell — With regard to the hard coal of Derbyshire, it 
partakes, in some degree, of the nature of cannel coal. Cannel coal 
contains about half die amount of oxygen compared with the thick coal 
of South Staffordshire, and cannel coal does not ignite spontaneously. It 
does not take fire spontaneously ; that is to say, it does not decompose in 
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^e same monnOT as the other descriptions of coni of wliidi I Imvs^ 
and burn by ^pontnneons combustion. It Heems to exiet under a difibwqt 
cbetnical condition, which, in common with the hard coal I have ttUuded 
to, tiikea it out of tho catcgT)ry of the spontaneouB burning coal which 
I have endeavoured to establish. 

Mr, WooDHOusE — With respect to that point, I may mention that the 
hard coal of Derbyshire does not very much approach the stratificaiioii 
of the cnnnel coal. There is no ijuestion nt all about that, and every ono 
cnn satisfy himself by an examinntjon. la reference to spontaneous 
combustion, sevenii of tlie mines in the North of Eng'land are troubled 
with it, and I sbouid be g^Iad to hear some explanatJOD given which bears 
special reference to them. In re^rd to the diagram, I waa naked a 
question, in the enrly part of the day, as to the mode in which we 
prevent spontaneous combustion, and as to the effect of the passage of a 
strong current of air through those portions of the mine in which it is 
liablo to occur. I stated broadly then, that it was perfectly practicable 
to work a part which was subject to spontaneous combustion with the air 
passing through it in a considerable volume. In this particular colliery, 
which is not a very largo one, the whole eitent of the facing l»eing about 
400 yards, the volume of air which runs through here [pointing to the 
plan] is between 20,000 and 30,000 cubic feet per minute. It is in this 
particular spot that there is the greatest liability to siiontaneous combus- 
tion. From here to tliero [pointing to tlio plan] represents a considerable 
distance, aj'hough it iippears to be inconsiderable upon the plan. Then 
there is a long inclined plane of about 600 yards in which the fire-damp 
is given off very freely. The gradient here will be about one in five, 
caused by a series of throws. It is necessary to cut through these throws, 
and it is at this point that there is shown a split, which comes off in this 
direction [pointing to the plan]; draughts are put in here and there. 
There is a course put down here, and it runs along in this way. Tba 
current of air is directed by these doors. It ntns through by the split 
on to that face. It then turns down here, runs along in this- direction, 
and then both currents come together and cross down into the return 
air-course, so that the upcast split runs along in this direction and is 
shut off by these doors, then joins the other and so returns along the 
upcast main current. The whole of that current is between 30,000 
and 30,000 cubic feet, and it is so strong along that face that it is 
almost impossible to keep a light unless there is some kind of shade over 
it. In this portion of the mine there is a very large qnautity of expio- 
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give gss, and when tlie barometer falls, and the wind is in the south, it 
is tremendous. It comes away in gusts, and the barometer is a sure 
indicator of the quantity that is accumulating. There are particular 
times, such as the break of roof, when it gives off the largest quantity. 
The whole of these passages are then charged with gas, and the waste- 
man knows very well what to do with it. Notwithstanding all this, we 
can work the face with a naked light. The plan we adopt, and which we 
find to be the only practicable one, is to exdude the air irom running 
into the goaf roads and courses. What Mr. Matthews referred to some- 
times occurs. By a little pressure upon this part [pointing to the plan] 
the coal is split, and slack or fire-clay gets into the crevices, which, 
when the air runs through, fires almost immediately. Of course it is a 
source of continual danger, and reqiiires very great attention, but the 
people who are constantly in the mine can always deal with it. The late 
Mr. Robert Stephenson expressed considerable doubts as to whether it 
could be dealt with ; but experience has shown that it may be dealt with 
with comparative safety. As to the question of spontaneous combustion 
arising from the decomposition of iron pyrites in the coal, or firom the 
decomposition of the coal itself, that is a very interesting question indeed, 
and I hope that some gentleman well acquainted with the chemical 
character of the coal in the different districts will, on some future occa- 
sion, be able to throw some light upon it, because, I cnn assure the 
meeting, that the gentlemen in the North of England are exceedingly 
desirous of investigating the whole matter, and are ready to take any 
steps which may be likely to reduce the extent of the evil to which they 
are constantly subjected. 

Mr. Blackwell^Iu the case which you have mentioned, where gas 
accumulates along the face, and where there is a large current of air, I 
suppose the iace is constantly being shifted ? 

Mr. WooDHOusE — Yes. 

Mr. Blackwell — ^The air does not go over the same &ce any long 
time? 

Mr. WooDHOUSE— No. It is moved twice or three times a week. 

Mr. Atkinson — I am not aware that spontaneous combustion occurs 
in the mines in the North of England ; but the large heaps of refuse coal 
and pyrites on the surface in many instances ignite spontaneously. 

Mr. Blackwell — In the goaf or waste, where there are accumula- 
tions of slack or small coal, may not these, if exposed to a current of air. 
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take £re spontaneous); ? ATaj not tlie comminuted state of this ooal 
cause the air to act upon Euch einall coal in a more energetic manner tliati 
it does in otLer instances on this cool, before it is worked and reduced to 
small? 

Mr, BoTD — I will give one more example of tlie deoompoaition of 
pyrites in a mine giving rise to spontaneous combustion, occurring in a 
colliery near Berwiek. In this case, the combustion took place at a very 
considerable distance from the face. It is the occasion of unpleasant 
beat in the mine, and upon inquiry of one of the managers as to the cause, 
he informed me that it always occurs where tliey are " bigging the gob,"' 
and when the material stowed is mixed with iron pyrites. When tho 
iron pyrites decomposes, the gas is evolved, and they cannot get rid of it 
without increased ventilation around it. 

The Presidknt — That is not a caking coal I 

Mr. Boyd — No. It burns to a brown ash, but it does not cake well. 

Mr. Daulibh — I know also of some instances of pits taking fire which 
contain iron pyrites. 

Mr. Blackwell — ^Are they pits containing bituminous or caking ooal t 

Mr. Daolish — Yes. 

Mr. Ghbe:«well — ^There was a case of spontaneous oombuation at 
Killingworth. 

Mr. Stuabt Smith — In the Warwickshire coal-field, where we vren 
troubled with spontaneous combustion, it was always said l-liat a great 
quantity of idr, decomposing the shale and pyrites in the goaf, was one 
great cause of spontaneous combustion. I found, however, in practioe, 
that introducing a larger quantity of air along the edges of the goaf, so 
m to dry up the moisture coming from lite mine and goaf, tended rather 
to diminish spontaneous combustion than otherwise. It appeared that 
wherever the moisture got mixed up with the iron pyrites and shala in 
the waste, decomposition ensued, which tended in a great measure to 
cause spontaneous combustion. 

Mr. Hahqel Cosshah — In our collieries, in which the coal is of a 
highly bituminous character, we are so subject to spontaneous com- 
bustion, that we are obliged to extract the whole of the slack out of the 
mine. If we leave the slack behind at all, spontaneous combustion takes 
place directly. That coal, as I have said, is of a highly bituminous 
character, and we can only account for the spontaneous combustion taking 
place in consequence of the presence of a large quantity of pyrites, and 
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as a fttrther proof that this is the case, I may remark that the same coal 
when worked (which has the effect of taking out most of the pyrites) 
will not so readily ignite spontaneously. 

Mr. Beale — No doubt the presence of pyrites is, to a great extent, 
the source of spontaneous combustion. I know a case in which ironstone, 
containing pyrites, had been thrown out into heaps, and it took fire in 
consequence of the action of the water and the air together. I do not 
think it is to be doubted for a moment that sulphur will be the result of 
the decomposition of pyrites, although it is perhaps possible that spon- 
taneous combustion may proceed from one cause or the other, or from 
the operation of both together. 

Mr. Evans — In South Wales only one case of spontaneous combustion 
has occurred underground for many years past, and that was in a slightly 
bituminous seam. The steam coal when exposed to the weather in large 
heaps often takes fire, but as a general rule, the coals containing the most 
pyrites are not the most liable to spontaneous combustion^ possibly, 
therefore, it may be due to some other cause as well as to the presence 
of pyrites. 

Mr. Atkinson — In reference to Mr. Evans's remark, I may say that 
stone coal is very difficult to set on fire, and requires a good deal of care 
and coaxing to keep it burning even afler it is ignited, so that one could 
scarcely expect it to take fire spontaneously, under any conditions. 

Mr. Evans — ^There is no doubt of the accuracy of what Mr. Atkinson 
has just stated ; but, to extend it still further, that observation may be 
applied to the case of steam coal. I have known that coal set aside in 
large heaps, and, although it contained a quantity of pyrites, it never 
generated spontaneous combustion. The only case I know of is one of 
a very slight character which occurred in Glamorganshire. 

Mr. Dickinson — I am very happy in having heard so much light 
thrown upon this abstruse subject. I hope eventually that we shall 
be able to get at the causes of spontaneous combustion. All those 
who have anything to do with mines in which it occurs, must know 
how exceedingly troublesome it is. I do not know anywhere a more 
dangerous thing in colliery operations than to undertake to go down 
the shaft for the purpose of extinguishing a fire. Indeed, where there 
is a very large quantity of fire-damp surrounding the fire, it becomes 
an exceedingly difficult and dangerous operation, for the moment any 
fresh air comes near an explosion is liable to take place. Several cases 
of explosion of this character have come under my notice. I should like 
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to hear the opinion of practical men who are informed upon this subject, 
as to what they consider the best way of extinguishing such fire, and 
whether they resort to deadening it or to shovelling it, and what process 
has been found to answer best for extinguishing a fire ? 

Mr. Darlington — I wish to call Mr. Blackwell's attention to one 
iact in connexion with caking coal. I would instance the Ince Hall 
Colliery, near Wigan. In that colliery the Arley seam is entirely cleared 
out, and the slack brought to the surface of the mine. When the small 
coal is exposed to the action of the atmosphere, the heaps of small which 
are accumulated and left in the open air will certainly take fire. The 
Arley seam is a caking coal. I am not sure whether it is not to some 
particular influence to which the coal is exposed as much as to the 
inherent elements of the coal itself, that the firing is to be attributed. 
It is a singular thing that the coal left in the mine does not fire, and that 
it is only when the small is brought to tlie surface and accumulated in 
heaps that it takes fire. I am inclined to believe it fires in consequence 
of some preponderating gas caused by a chemical change. So long as 
the atmosphere is exposed to it in the mine that change does not take 
place; but when a large quantity of small coal is brought up and 
exposed to rain, wind, and sunshine, the heaps will certainly take fire. 
With regard to the enquiry which Mr. Dickinson has just made, as to 
what is the best way of dealing with a fire in a mine, my own experience 
is, that the best thing is shovelling it out altogether, if it is possible to 
do so ; but where that cannot be done, cover the gob face with sand or 
clay and exclude the air. That would be the simplest mode of proceeding. 

Mr. WooDiiousE — That is the present mode of dealing with fires of 
this kind, but there are not many fires that are got completely out in that 
way. Tliey commonly occur in the inbye. The state of the clay wall 
where the current comes over it is the first indicator we have of the 
presence of fire. Moisture settles on the roof, and the heat throws 
out steam, which gradually finds its way down the cracks, and comes into 
contact ^ntll the fresh air running through the main road. The moisture 
is condensed and hangs on the roof in drops, and so sure as we observe 
that indication so sure may we bo that fire is jrenoratinir. As soon as wo 
perceive by these appearances where the fire is wo immediately proceed 
to scour it out. Sometimes we find that the fire has extended to nine or 
ten chains. It gets quite rod hot, so that we have had to get the fire 
engines down and play upon it, and I can assure you that playing upon 
a fire in that position is no joke at all. We then set to and clear it out, 
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and when that is done we fill the space up Mrith sand and other stuff, 
which is found to he better than any other materials^ and we then put 
the reiuse back^ because after it has been once burnt it is less liable to 
become heated again. We put up the packing which is burnt and face 
it off with clay. We keep the bottom well packed up so as to exclude 
all the air^ and then there is an end of the thing, and nothing more takes 
place until the next fire occurs. 

The President — Gentlemen, I am sure we must all have been very 
much gratified with the discussion which has taken place on this most 
interesting subject. Certainly it is a subject which is more applicable to 
this than to the northern district. Our experience in reference to spon- 
taneous combustion is very limited, for I am happy to say that we have 
had very few cases of spontaneous combustion. The only well-authenti- 
cated case that I know of, is that which occurred at Killingworth, as 
mentioned by Mr. Greenwell. That was a case in which the mine was 
worked by the pillar and stall method, and the pillars of that day (about 
thirty-five years ago) were left extremely small. Several partial creeps 
had taken place between the packing up and the roof, which very nearly 
filled the spaces where the coal was taken out. A considerable quantity 
of small coal was left in the waste, in the old workings — probably about 
one-sixth of the entire mass of coal that was taken out — and in that state 
that portion of the mine was shut up for several years, during which time 
it became filled with water. We had occasion, recently, to take the 
water out, for the purpose of going into that district. When we went 
into it, we found it extremely warm — very much beyond what the natural 
temperature ought to have been ; and in opening out the old workings 
further, we found masses of scoria, as compact as any metal, showing 
that there had been a fire there of very considerable extent. That 
certainly had, in my opinion, been caused by the decomposition of the 
pyrites which was mixed up with the small coal,' which we had formerly 
been in the habit of leaving in the bords or stalls, and which, I have 
previously stated, was firom one-eighth to one-sixth of the total quan- 
tity of coal worked. That is the only well-authenticated case that I 
have known where spontaneous combustion has occurred. The coal 
which has been alluded to is a firee-burning bituminous coal. With 
respect to the steam coal of the north, I believe a large quantity of the 
small coal is left underground, but I do not myself know of a single case 
of spontaneous combustion of that coal. With respect to the opinions 
which have been expressed here to-day^ they certainly seem to me to be 
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somewhat at variance with each other. What occurred to me, as to the 
chemical coastitution of the coal in the Moira Colliery, and the stat«uieat 
made by Mr. Woodhouse that it was not a white ash coal entirely, but 
that part of the seam is a brown ash coal, is this : — I am inclined to 
suppose the browuoess of the ash must he the effect of an admixture of 
iron. I believe that it is a general indication of the presence of iron in 
coal, wheu it burns to a reddish or brown ash, 'fbis shows that the 
seam, in its chemical constitution, contains iron, and is consequently 
liable to decomposition, although, generally speaking;, it is an open- 
burning coal. On this subject I shall only further say, that I am glad 
that it has been brought before the Institute, and that it baa been dis- 
cussed in so able a manner by those gentlemen who hare expressed their 
opinions upon it The consideration of this aubject forms one of the class 
of inquiries yet requiring fiirther development, which I took the liberty 
of mentioning in my opening address to the meeting. It in u subject 
into which it will be necessary to go a great deal fiirther. We must 
inquire more closely into the chemical constituent* of the coal ; puid I 
hope that, after our-attentioo has been thus directed to the auhject, and 
aft«r the lengthened discusaiuu which has taken place, we shall, at our 
nest meeting, be able to throw more hght upon the question at issue, 
and probably ascertutn, in the end, from what spontaneous combiiation 
arises. 

A vote of thanks was tlien unanimoualy given to Mr. Fowler (or having 
brought the subject under the consideration of the meeting. 



ON THE MODE OF WORKING 

THE THICK OR TEN-YABD COAL 

OF 

SOUTH STAFFORDSHIRE. 



By henry JOHNSON, Dudley. 



The paper about to be read to the meeting is upon the mode of Working 
the Thick or Ten-yard Coal of this district, a subject I am afraid I shall 
but very inadequately do justice to; and as it is only a detailed and 
practical account that can be at all interesting or Instructive to those 
mining engineers who reside at a distance, I hope my compeers who 
live in the immediate neighbourhood will bear with me if it should 
appear to them that I descend too jnuch into particulars, and thus render 
it to* them a 'Mry subject;" and also keep in mind, that the paper has 
not been penned so much for their edification as for the information of 
our visitors, whom, I think I may assure, on behalf of the mining 
engineers of this district, have our heartiest welcome on this occasion, 
and as it is by such meetings as the present that the scientific and 
practical principles of mining engineering are beneficially discussed, 
we may venture to hope it may not be the last gathering of a similar 
kind in this district. 

To endeavour to make the subject comprehensive to you, I have 
divided it under the following heads : — 

1. — Description of the seam. Names and thickness of each measure 
comprising it. Workmen's stints in each. 

2. — Gaitroading. How formed. Stints, &c. 

3. — ^Air-heading:. How formed. Stints, Ac. 

4. — Opening the work. Bolt-holes. Getting the bottom coal. Cutting 
the top coal. Nature of floor and roof. Robbing the pillars. ^' Cut- 
ting in" at the bolt-hole. Damming up, &c. 
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5. — Opening new work. 

6, — " Butties," or charter raastera. " Doggies," or overlookers. 

7. — Fire stink, or spontaneous combustion. 

8. — Gitses, peculiar to the district Old method of firing it, and the 
introduction of top air heading. 

9, — Produce of thick coal per acre. Produce of second working in 
ribs and pillars, and proportions of coals, lumps, and slock. 

10, — Park Head section of thick coal, description of. 

11.— Faults. 

19. — Ventilation . 

1. — Deecription of the scam, ^a. — It, perhaps, will be well for me to 
give you, first of all, a description of the layers or beds composing the 
great seam of coal which forma the subject of the present paper, and in 
tlie order of its deposition. 

As to the natural laces or cleavage of the different beds comprising 
the thick seam, I would observe that tiie natural cleavage of one bed is 
no criterion as to the direction or bearing of the one lying immediately 
above or below it. Crossing and re-crossing each other as they do, no 
regard is paid, or at all events very httle, to the natural cleavage. 

I think this incongruity of mineral structure very fortuitous, for if the 
natural cleavage or faces of the coal ran the some in one bed as in 
another, we should never get tha pillars to stand and support the weight 
tliey are required to do. {See Section.) 

Having thus given jou a detailed account of the nature and thickness 
of the various beds comprising the seam, I will now proceed to describe 
to you the first and successive operations of working away the seam. 

The width of the shaf^ sunk in the South Stadbrdshire district on an 
average is seven feet diameter in the clear between the brick lining, 
which is univerBulIy four inches and a half thick, set in mortar, and the 
shafts are always circular, and not square or oblong, as is sometimes 
adopted in other mining districts, and they are sunk in what ore called 
" pairs," one about ten yards apart from the other, no bratticed shafts 
being used. 

2. — Oaitroading.^-Uhe two shafls being sunk through the seam (and 
a sump below when necessary), a " gaitroad" is driven from one pit 
bottom to a convenient and suitable part of the boundary (see plate II.), 
sometimes the extreme deep being preferred, whilst with some coalowners 
the nearest and cheapest possible rout« to the boundary is adopted, for 
the sake of a speedy return of the capital expended. 
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This gaitroad is driven nine feet six inches wide^ and, when completed^ 
is about twelve feet high, which takes the benches, slipper and sawyer, 
stone coal and hard stone parting, and sometimes the slips breaking 
down, make the whole height about fourteen feet. During the driving 
of this gaitroad, an air-head for the purpose of ventilation is driven 
alongside, and five yards firom the gaitroad, with "spouts" or "thur- 
lings" about every fifteen or twen^ yards, or much nearer, according to 
circumstances, each back spout being successively dammed up as the 
gaitroad proceeds. (See plate II.) 

The pit bottom is usufiUy bellied out a little, and the "inset" or pit eye 
made wider and higher than a common gaitroad. This being done, the 
gaitroad is proceeded with. 

One workman, called a pikeman, holes away the benches and bench 
bat, about two feet three inches high, three feet six inches wide, and six 
feet in, for a day's stint, which is 3s. 6d., and is called a " head* ;" whilst 
another man follows him, with two feet three inches high, six feet wide, 
and six feet in for a day's stint, which is also 3s. 6d., and is called a 
" pane ;" or they will do what is called " throw their work together," and 
each take it four feet nine inches wide, six feet in. 

This operation is proceeded with until ten or fifteen yards in length of 
holing is done, when cutting the slipper and sawyer is commenced, which 
will be presently explained. 

Durii^ the driving of one-half of the ten or fifteen yards of gait- 
roading, a lad firom twelve to fifteen is employed, with an iron rake and 
basket, to carry away the coals and slack produced by the two men, and 
his wages would be about 2s. 6d. per day of 10^ hours for 1^ days of the 
pikemen, and for the remaining distance two boys would be required to 
keep the dirt clear. 

It perhaps may be as well here to state that the butty (charter master) 
finds these pikemen all tools, sharpening, candles, and two quarts of pit 
beer per day,t so that a good and quick workman who does two days' 
stint in a day, is a saving to the charter master both in candles and beer. 
These men go to work at six a.m., and will generally get a day's work 
done by twelve or one o'clock. The boys, during the " cleansing" of the 
slack firom these two men, have their tools and candles found them by the 
butty, and are allowed one quart of pit beer each per day of 10| hours. 

* Thie 38. 6d. three jean ago was 58. per day. 

t This beer la supplied at l^d per quart, and has been a costom from time immemo- 
rial ; but <ml7 half &js quantity is allowed in the other thin seams of the district. 
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After tbe hmiag:, before described, is completed, two or more piksmeii 

go nader, to the lar end, and at distances of six feet, measuring- 
from the back of such holing, they commence and cut holes up-hill 
throug;h the slipper and sawyer to the parting which lies under the stone 
coal, leaving "spurns" between each sis-feet bole, and a sprag or two at 
the face, until the ten or tifteen yard^ are so cut, taking the precaution 
ttlways to leave a spurn at the face where the holing commenced. This 
being completed, the spurns are reduced with the pike, and nfterwarda 
completely "jammed" out witU a long stailed "pricker," as it is called, 
used for that purpose, until, when the face spurn is taken out, dawn 
comes tlie whole length bo holed and cut, breaking off against the fast 
or uncut side, and it is then ready for the " turner's out " and " loaders." 

The price these men are paid for cutting this six feet long and four 
feet three inches thick is ^s, Ud., and tlie allowaoces, &o., the same as in 
the holing. AfWr these coals are loaded up and sent out, the breaking 
off side is then "set to" and trimmed upright, and forms the subject of 
a bargain of no little jealousy sometimes, being what is commonly termed 
"odd knobbing," or "light work." 

The gaitroad, then, is seven feet high, and, generally speakiug, if the 
Btone coal was not got down it would break down unexpectedly, so it is 
out off on one side, the same as the slipper and sawyer, and broken off 
on the other side, and with it, generally speaking, comes the weighty 
hard stone and its batty pnitino', and all or a portion of t.iie slips (the 
latter without cutting). The stint in cutting the stone coal is nine feet 
long and four feet tliick for a day's work, 3s. 6d., with the same allowances 
as in the holing. Afer the "setting to" on the breaking offside of the 
stone coal, the arching or rounding off of the roof in the slips, and the 
loading up of the produce is accomplished, the gaJtroad may be said to 
be completed. 

3. — Th^ Air -heading. — ^The air-heading which communicates witii the 
upcast sliaft, and is intended to ventilate the gaitroad and the workings 
connected with such gaitroad, is driven three feet six inches wide and 
three feet high, or in some cases four feet by four feet, having the hard 
stone for its tloor (at the Heath pit it is driven in the brazils) and taking 
in the slips ami foot coal. It will, then, readily be seen that tie roof of 
the air-head is on the same level as the roof of the gaitroad, and serves to 
ventilate it by the spouts or thurlings before mentioned in the most 
effectual manner, so long as the air-head is made the intake. 

The stint for a pikeman in driving this air-heading is three feet six inches 
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"high, three feet six inches wide, and four feet in for a day's work, 3s. 6d., 
with the same allowances as in the holing, and one lad in this case is 
reckoned to one pikeman, and in some cases two lads, according to the 
distance which the slack has to be carried and thrown through the spouts 
down into the gaitroad for loading up. As each successive spout is 
"thurled" the one previously made is stopped up with coal dust, and a 
four and a half inch or nine inch brick and mortar wall built across and 
made air-tight, which is termed a dam. 

4. — Opening the Work, — The gaitroad and air-head having been com- 
pleted to or near the boundary, the next operation is that of opening the 
work, which is done by pillars and stalls forming "sides of work" or 
chambers, of from two to twenty pillars in each side of work, varied 
according to circumstances. But in the present instance we will confine Qur 
observations to a side of work of four pillars, being what would be termed 
in common parlance " a nice little side," which, if successfully wrought, 
would produce about 15,000 tons. The pillars would be about nine 
yards square, and the stalls and openings ten yards wide. 

We will suppose, then, that plate II. represents such proposed side of 
work, and the gaitroading and air-heading already driven, and the seam 
lying tolerably level. 

Bolt-h-oles, — The first operation then would be to drive two bolt-holes, 
A and B (plate II.), as they are called, out of the gaitroad, the same 
width and height, and in the same way as the gaitroad, either at right 
angles with the gaitroad, or obliquely, as shown, for fourteen yards in 
length, when a head, three feet six inches wide, and two feet nine 
inches high, would be driven in the ** benches" from bolt-hole to bolt-hole, 
which would be termed " thurling the bolt-holes," and would serve to 
ventilate them, and open the work. Large wooden boxes, or " air trows" 
(troughs), Avould be placed across each bolt-hole, to restore the air current 
after the bolt-holes had been driven. 

Oetting Bottom Coal. — ^This completed, the middle stall C would be 
commenced holing in the benches, in the direction of the dotted lines, for 
nine yards, and the opening between the two bolt-holes, would also be 
holed by virtue of the bolt-hole B. Then the " slipper and sawyer" 
would be cut off the inside rib between the two bolt-hol^, and partially 
off the front of the pillar F. The holing would be done by pikemen in 
this case, taking six feet wide each and six feet forward for a day's work, 
which are called " panes," and the slipper and sawyer would be cut in 
lengths or holes of six feet long, and four feet three inches thick. 
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it tliia holing was being done, smflll "cogs" or "pftctongs" of 

refuse would be made here and there under the holing, and the face of 
the hanging' coal propjied with short puncheons, according to circiim- 
Etances. 

After the cutting of the slipper, and sawyer before mentujned, Uie 
spurns left between each hole or cutting are reduced hy the ]uke, as Sar 
as sitfe to do so, tind are afl^rwards completely jammed out with what is 
called a " pricker." The eog^ underneath beini? at llie same time jammed 
out, and the puncheons knocked away &om the face of the coal, they not 
only bring the slipper and sawyer down, but all the measures up to the 
bottom of the "brazils," the t«p coal still lianging. 

This bottom coal is then ready for loading up and sending away, wfuoh 
is done by what ore called " bandsmen," at 4s, per day of 10^ hours, or 
stinted to load twelve skips for a day's work, each having about twenty- 
five cwt, of coals upon it, or fifteen tons per day, tlie men laying the raiU 
np U) the face of the coal as the coals ore loaded up. The '*' hard stone" 
and its parting, together with any other rubbish, is carried and tlirowD 
alongside the rib or pillar, and afterwards levelled down underfoot, which, 
when it has attained some feet in thickness, proves a fruitful source of 
spontaneoug combustion, which will be hereafiWr treated of under the 
head of " fire stink," a word which is not a misnomer, for the appellation 
is very forcibly developed in the " fire" and in the " stink." 

The next operation is to g-et tlie holing out ns quick as possible along 
the fiice of the pillar G (plate II,), and proceed with the stall D in the 
same way as before described. Then the stalls D, C, and E are carried 
forward in the same way to the back rib K, taking the openings L, M, 
N, and through from stall to stall as the work proceeds. The bottom 
coal being drawn out in tlie right hand stall D, and the air-head spout 
being driven into the back corner at a, the next operation is to begin to 
cut the " top coal." 

Cutting the Tup Coal. — If the "slips" and "foot coal" have previously 
broken down, and been loaded up, the first operation would be to " set" 
the sides of these measures "to," making them and the whole thickness 
of the bottom coal in the rib as upright as a wall. Then the " brazils" 
would be cut in holes of nine feet long and three feet thick for a day's 
work, and by cutting them all along the back of the pillars H and J, and 
off the rib K, it will be seen that, by "jamming out" and weakening the 
" spurns" left between each hole of cutting, that this yard thick of coal, 
ten yards wide and forty-eight yards long, would come to the ground 
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and be ready for loading up^ and could be reached for loading up by the 
three stalls D^ C, and E. The top coals are cut by the pikeman setting 
up a scaffold; which is done by cutting two holes in the solid coal at the 
proper height^ and putting in two short ^' byatts/' on which he places a 
plank to stand upon ; or^ it is better done by leaning two poles against 
the side^ and two short lashing chains lashed hear the top of each pole, 
and a Aooae made to receive each end of the plank. 

As the "bra2dls" would be cut and brought back towards the bolt 
holes by successive cuttings around the four pillars, so would the ^' tow 
coal/' or the ^^ lambs" and tow coal, be cut off the back rib and brought 
back in the same way as the ^' brazils," and so on with the ^' white coal," 
and afterwards with the ^* top slipper." The back intake spout a (plate 
II.) of the air-heading is simiped up or raised as the different measures 
are cut away, so that no recess is formed for the accumulation of gas. 

After the " top slipper" is cut and drawn out the roofs are, in the 
words of the collier, said "good bye to," and never expected to be 
obtained, but sometimes they break down of their own accord, without 
the superincumbent strata following, and then no time is lost in getting 
them out of the way. The side of work or chamber would now have 
more the appearance of a coal quarry than a coal pit. 

I would here observe, that it is not always* the case that the " bottom 
coal" is got out in the uniform progress, or that the "top coal" is cut in 
towards the bolt hole in the order previously described, much depending 
upon the nature of the demand for the different qualities of the coals. 
Generally speaking, the "top coal" is commenced to be " cut in" before 
the "bottom coal" is all cleared out nearest the bolt-holes, in order to 
mix the different qualities to meet the varied requirements of the trade. 

In cutting the " top coal" in large sides of work where there is great 
demand, cuttings of two measures, making together six or eight feet 
thick, round four or five pillars, are made, and large quantities of coal 
are thrown together, as much as 2000 or 3000 tons at one drop. But it 
will be understood that this can only be accomplished where you have 
a sound and good coal, with a good roof. 

Hoof and Floor. — Both the roof and floor of the thick coal vary 
considerably, and either one or the other, if of an un&vourable character, 
as a matter of course influences not only the size of the sides of work, 
but the width of the openings and size of the pillars and cost of getting, 
&c. ; as, for instance, a gaitroad in the " Park Head thick coal " would 
stand better for seven years than one in the "West Bromwich coal" 
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would for seven months, the floor of the lutter ci'eeping' very conudwabtj 
in some jiarts of tliat district 

"Cutting in" at the Bolt-hole. — By the time the "top cools" are 
" brought hack," and pretty well thinned over the " bolt-holt*," tlien 
comes H precarious operation, us the name of that outlet implies, for 
never was an aperture more rightly designated. On the tiaishing of a 
Bide of work, by looking up over the mouth of the " bolt-hole" you will 
see Bome known, good plucky workman perched upon a scaffold, some 
twenty feet from the ground, cutting the last remnant of " white 
coal," or " top shpper," listening almost breathlessly, at every blow of 
hi3 pike, if the " coals stir ;" when he hears it begin to stir, be tnanagfis 
to scramble down and get safe into the bolt-hole, Just as the taUiog' coala 
sometimes scrape his heels. 

Gamming. — Af^r the side of work is thus finished, a refuse dam is 
put in the holt-holes and in the air-bead, and a good strong brick and 
mortar wall put on the wind side afterwards. The brick dam is put 
deep into the Boor, sides, and top of the bolt-hole, and is intended to 
hermetically seal the side, of work just finished. This precaution is 
token immediately the last coals are drawn out, otherwise spontaneous 
combustion of the refuse slack would ensue. 

0. — Opening of a Nem Side of Work. — Whilst tliis four pillar side of 
work is being " cut in," another aide of work P would be i-equired to be 
started in the bottom coiil, and bv the time that side «!is nejirly exhausled, 
the small side of two pillars Q could also be started, leaving ribs between 
P and Q and Q and R, or P and Q thrown into one, or P, Q, and R all 
thrown into one, by making openings through the ribs at S, T, U, V, 
W, and X. This extension of the area of the work would, of course, 
depend upon many circumstances -. — tlie relative state of all three " sides 
of work" as regarded "fire stink;" accumulation of explosive gas or car- 
bonic acid ; and the demand for coals, at the time when the side of work Q 
was being " cut in." With a quick trade, and all other circumstances 
being facourable, the original side of work of four pillars could be 
thrown into one of fourteen pillars readily and economically. (See plate 
IV. for plan of an extensive area of actual workings.) 

Sobbing the Pillars. — It is often llie case, that when the pillars begin 
to " SOS," or, perhaps, in more intelligible terms, begin to sink into the 
floor, under the immense pressure of the overlying strata, they split or 
crack frOm top to bottom, sometimes cornerwise, at others parallel witli 
one of its sides, when one or two days' work with the pike, assisted by a 
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little powder, vnl\ bring oflP 100 or 150 tons of fine large coals. This 
I have termed " robbing the pillars," fearing to use the local term in the 
presence of so large a meeting. 

I would observe, that the principle of working previously described is 
not adopted throughout the whole of the coal-field, but necessarily varies 
according to circumstances. In some cases the stalls and openings are 
not taken more than seven or eight yards wide, and the pillars five or 
six yards square, whilst in others " cogs " are cut off about six or eight 
feet square in the middle of the stalls and openings, and afterwards 
entirely holed out when the top coal is to be gotten. In some cases, 
what is called a " man-o'-war" is left as an additional support, which 
means a small auxiliary pillar, having some especial service in regard to 
a faulty roof. 

In some half dozen collieries the thick coal is being worked at twice 
by " long wall," or which, perhaps, from the thickness got out at each 
working, would be more accurately described by calling it a " long wall 
modification of pillar and stall." Great advantages are claimed for it by 
its several adopters, but I have deferred further particulars of its working, 
as it ought to form the subject of a paper from some of its supporters. 

6. — Butties or Charter Masters. — ^The prevailing mode of raising 
thick coal in this district is, by what is termed " buttyship," which is a 
*' contractor," who undertakes to get and load the coals in the pit, and 
deliver them to the wharf or place of sale, at so much per ton, the master 
finding timber, engine, tenter, and loaders into boat. The butty assorts 
the produce into " coals," " lumps," and " slack," and receives a different 
price for each description, the highest being that upon the " coals," and 
ike lowest that upon the "slack," which is an inducement for him to 
obtain as great a proportion of "large" as possible ; but there is no cor- 
responding inducement to the men to preserve or increase the proportion 
of " large." In fact, their great object is to break the large into convenient 
and handy pieces, the better to enable them to get their day's work 
sooner done. Grenerally speaking, the loaders, or bandsmen as they are 
called, are stinted to so many skip loads for a day's work, irrespective of 
the class of produce. In cutting the coals, the " pikeman " has no 
inducement to preserve the better qualities ; he has only to get the coals 
down, no matter to him how, whether in the shape of large coals or 
slack. Therefore, as there is no inducement for the men, either in cutting 
or loading, to increase the large coals, the butty keeps an overlooker or 
" doggy," to see that there is no unnecessary waste in breaking the large 

Vol. X.— Birmingham Mkbting, Jolt, 1861. n d 



192 

00^9 to suit the whim of the loader, cind this is his only check. Tbi» in 
a great measure would, I tliink, be obviated in the long" wtdl work, ua 
there the labour test and aub-divisiou of labour can be more readily 
applied. 

In many collieries they raise from twenty-five to tiiirty-fivfl cwt. per 
skip load, which, with tlie height of the skip above the rails on which it 
is loaded, will be eight feet, so that oae-half of the load has to be loaded 
" overhand," or raised nearly double the height of the operator, which, in 
my opiuion, costs nearly double the amount of labour tiiat it would do, 
with a differently arranged skip and mode of loading. 

Given, A has to lift lumps of coal of one cwt. each, eight feet higii, 

for (^) 54 hours (half his time), and B has to lift similar 

pieces four feet six inches high for the same time. How mofih 

more would B lift than A ? = 42 : 33,695. 

Besides, the grinding effect upon the produce of high loading must be 

veiy detrimental as compared with low loading. 

The butty, in his contract, finds all tools, skips, horses, com, candles, 
and pit beer : in short, everything except the rails and timbpr. 

Besides the butty system, there is what is termed " dog^gj'sbip," which 
is carried on by means of a doggy or overlooker, to superintend the 
opei-ations on " owners' account," the men under him working by the 
day or stint where practicable, 

7. — Fire Slink. — " Fire stink," or perhaps more properly termed 
"spontaneous combustion," or "sulphuretted hydrogen," is nowhere in 
the kingdom to be found so troublesome as in the thick coal of South 
Staffordshire, and I am happy to say, it is pretty much confined to diat 
Beam. With a seam of such unparalleled thickness, ranging as it does 
from eight to twelve yards, it cannot become a matter of astonishment 
that the many and varied thicknesses of the partiugs, together with the 
accumulated fine slack and dirt, should form a considerable thickness on 
the floor of the mine. This, then, is the first cause of all our troubles 
from this source, and it is quite impossible to entirely remove it. We 
may mitigate it, and that is all. 

In a landsale colliery, where the produce was consumed wholly for 
household purposes, and no communication with rail or water existed, I 
have known, after working away the coal, the floor of the workings to 
be covered, over an area of sixty to eighty acres, with from three to four 
yards thick of this rubbish, and compelled to be so. What, then, 
becomes of the cry, tliat because the coal is of such and such a thickness. 



193 

that such and such a produce per acre ought to be made. The produce 
per acre of this fine seam entirely depends upon the circumstances under 
which it is wrought. 

In the case referred to there is not only the actual loss of at least 
4000 tons of otherwise saleable fine slack left underground to the acre^ 
but .there is loss of coal in the first working created by the necessity for 
small sides of work and additional fire ribs. And^ further, generally 
speaking, with such a colliery, in a populated neighbourhood, land could 
not be got to deposit such rubbish upon, ^ it were drawn out of the pit ; 
and if it could, the coal owner would at once be indicted for a nuisance, 
as the refiise once drawn to the surface, immediately, that is, in a few 
weeks, takes fire from decomposition, the same as if left in the pit.'*' 

8. — Gases, — The gases we are most troubled with in the thick coal 
are sulphuretted hydrogen and carbonic acid, the latter more especially 
in the second working of the thick coal of what is termed ^'ribs and 
pillars." Indeed, so uncertain is the latter, that the horses are required 
to be drawn up at night if the wind happens to be veering round to the 
southwest, and whilst in that point, with a corresponding fall in the 
barometer, it is certain to " put the pit to stand " from choke damp. In 
working the ribs and pillars great care has to be taken with the air so 
as not to admit more than is sufficient for the lights and respiration, 
otherwise the '^ gob " is kindled into flames in a few days. 

Carburetted hydrogen, or what is universally called by the colliers 
here '^ sulphur," is rarely of any moment. In new districts, or where it 
is pent in by faults or dislocations, it is developed, but not in extra- 
ordinary quantities. The ordinary test for it is a common Davy-lamp 
made in the district, witli the addition, however, of an extra gauze ; 
the men having great faith in a double, but not in a single gauze. The 
mode of testing the presence of this ^as in a side of work, where the 
coals are cut down to a gpreat height, is by hooking the lamp by the ring 
on to a long lamp stick with a hook at the end, and gradually raising 
the lamp by Uiese means ; a second man stands at a distance and watches 
whether the flama. of the lamp changes, and to what extent, and aftier 
ascertaining the exact level of the gas, means are taken to remove it 
before men are allowed to resume their work. 



* In praotioe I have found when the " poV* has commenced to heat, that hy diggins: 
holes in it and scattering^ it about, that it would grow cool and not fire a^ain. 
Havinif, in the words of the colliers, once " had a sweat," it would not heat or fire a 
second time, and I have found this invariably the case. 
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Oid Jfrjff^ Idne. — Manj years apy, when lest mat ktumtn of mining, 
and the times far better, in order to remove any accumulation of gas 
from tlie. roof of the mine, tlie " old tiring line" waa resorted to, and 
ft nndle ottaelied to a string; was drawn over a long pole stuck in tba 
kJOM rubbish on the floor until it came in contact with the gas, bjr 
SB (^I'atur secreted in some safe nook, who was paid a great premium 
fat his foolhardiiiess ; and thus the gas was exploded and got rid of, 
onlj, Lrjn'ever, to g'et quit of one nuisance (fire damp) at tlie cost of 
pradndn^ ftsotiur (dioke daaif^ ftt lent Z *ppidMBd h wh m. 
• Hftppil;, vifli thfl iatawliiatioii of the DftTj- manj jaftn Rgo, ftnd tiw 
ecQUtant i^tpUofttion ci the Ute Jsmes Bjmi, who w« bettV kaowfi 
■mosgrt the ooUiera here hj tiie ngnifioaat oognomen of "Omot 
Snlphni," Taat3ati<m haa vutlj improved. EBi graftt IheiDe wai^ 
"Temcrre the OM*e and the effect oeaaos," utd ttj mSo^iDg his raeom- 
mendatioii in diii disbnot of driTing die air-heading on « lavd with Uw 
roof of ttie gaitroad, all the gas liberated !■ immedJatdy oairied off faj- 
the top air-heading. Prerioni to dtii noommaadatimi, irinoh difl!« ia 
not a Bfaadow of ■ donbt emanated fiom him (■« tU hie papen and 
oorreflpondenoe, left with me at his deatli, diarlj tastily), the air-headlBg 
ma driven nmrennUf in die benohea, i^,, on the rerj floor (tf tte Biia& 
In mentioning the name of Jamea Ryan, I mntt oonfiM &b phHUv I 
Alt the otiier dij in penuing s moat dabomte and intorerting sMoont 
of this coal-field, by Wm, Uathe«ra, Esq., delivered last year before the 
Institute of Mechanical Engiaeera, to find that at least one sterling man 
could be found therein to do honour to a departed gc-nius, who, unhappily, 
in his day, was all heart and soul in endeavouring to alleviate the 
sufferings of the workmen, increasing the wealth of the coal owners, Eind 
yet, witbal, did so little earthly good for himself or fiimily, for hiu last 
moments were comparatively those of a pauper. 

9. — Ai to the Prodvce yer Acre. — The almost innumerable circum- 
stances which control and govern the yield per acre, and the proportions 
of coals, lumps, and slack, is & complete bar to the laying down 
of any reliable data by which an accurate account of the produce per 
acre can be obtained. The ton weight of coals in this district is a com- 
plete misnomer. There is no such thing. There is a something which 
is entered in the sales hooks and paid for aa a ton; it is a " parcel," not 
a ton, but a parcel containing a ton proper, and about one-third of another 

Hcfore estimating t!ie produce per acre of the thick coal of a certain 
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colliery, it will be very necessary to ask some of the following questions, 
such as : — Is the thickness seven yards or ten yards ? Is the mine cut 
up with faults or dislocations, so as to be more like the hills and valleys 
of Wales than a deposit of coal, which in many collieries is the case ? I 
can venture no further than to say that the produce of our thick, or 
ten-yard coal ranges in the first working, from twelve to twenty thousand 
tons (or rather "parcels") per statute acre, (and I would they were 
" statute" tons also). In the second working, or " ribs and pillars," the 
produce would range from 3000 to 7000 tons per acre, according to 
circumstances. 

As to the proportions of coals, lumps, and slack, I can gpive you two 
extremes from the working in the solid, which came under my notice 
some time ago. At one colliery of about thirty acres there were— 

Coals '43 In another of 80 acres — Coals . , -08 

Lumps .••••• '34 „ „ Lumps '15 

Slack -23 „ „ Slack 77 



100 100 



The former produced about 19,000 tons to the acre, whilst the latter 
only produced about 13,000 tons per acre. So that the first-named 
proportions would be 370 per cent., and the yield per acre of the same 
would also be 106 per cent, better tlian the latter, 

10. — Park Head Section (plate III., f^^, 1). — The section now before 
you, and which I will give you a short accoimt of, is from actual 
measurements, and may, with the greatest truth, be said to be the finest 
seam of coal in Europe, both for quality, freeness from partings or spoil, 
and its greater thickness, viz., ten and a half yards of clear coal. But the 
great misfortune is to have to state it is all gone. Some years ago a 
very fine section of thick coal was to be seen being wrought " by day," 
or open work, at Clay Croft, near Foxyards (where the members will 
visit to-morrow), which was twelve yards and two feet of clear coal, and 
was said, on good authority, to have produced in the aggregate 40,000 
tons per acre. At plate III., fig. 2, is given the section of the thick 
coal at the Hawn Colliery, near Hales Owen, which shows a thickening 
of all the partings, separating the several beds composing the great 
seam, and illustrates the necessity of working it at twice, which is being 
done by Messrs. Mathews & Co., the owners. 

11. — jRzmZ^*.— The thick coal is broken up and its quality much 
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IN VAf ma TRBOVaB 



CLAY, QUICKSANDS, AND OTHEB AEENACEOUS AND WATEE-BEAfiING 

STRATA. 



By p. S. REID, Pelton Colliery, Ghester-le-Strebt. 



It is a cnrious &ct, that, with the exception of the elementary treatise 
upon '^ Well-digging. and Boring," published bj Mr. Weale, some short 
time ago, we have no work in the English language which can be pro- 
perly called a practical treatise upon the science of boring ; and in short, 
unless from the information afforded by what are termed practical mineral 
borers, it would be most difficult to arrive at a precise knowledge of the 
present state of the art in this country. 

It does not follow from this, that the practical knowledge of this 
branch of mine engineering is unknown or unappreciated in this country, 
but simply that whatever is known on the subject by individual engineers, 
is made available only for their own wants and those of their employers, 
in that truly practical manner which is the prominent part of an English- 
man's self-reliant character, and which places him at once in the first rank 
in whatever, he attempts as a successful initiator. 

In France, Germany, and elsewhere, the art of boring, both for artesian 
wells and for the purpose of proving strata at immense depths, has been 
elevated into a science or branch of mine engineering, requiring all the 
skill of the first-rate mechanic, as well as the aid of the analytical chemist, 
to follow it up ; the subject has been thoroughly sifted, and the whole of the 
different systems of boring described and delineated in their scientific 
journals and works, commencing from those adopted by the Chinese, and 
ending with the modem developments given to the science by such men 
as D'Oeynhausen, Kind, and D^gouste, and embracing all the improve- 
ments which have been introduced to the latest date. 

YOL. X.— BiBXIMGBAM MBBTIlfO, JULY, 1861. S S 



It WBB the writer's mtention b) have ^ne into a popular deBCriptioaof 

all tlint has come to his knowledgs on the subject; but, in the first place, 
time would not permit him to do it justice, nor get it ready for the pre- 
seot meeting ; and, secondly, an elaborate description of the whole of the 
ditferent systems is capable of being worked up to such an estent, as to 
form interesting enough matter for several papers, to which some day he 
expects to be able to return and to introduce tUeni to the Institute, con- 
tenting himself, at present, with tlie best mode of passing quicksands 
and water-bearing strata, as presented in a boring which he had entmstad 
to his care in the Cleveland district, and which was intended to prove 
the formotion lying under tlie lias, and otiier nonconformable strata, in 
North Yorkshire. 

He need scarcely add to the members, that with the amazing devFlop- 
ment of coal and iron mines throughout Britain, the proving of strata 
under these deep deposits, will, before many years, become one of the 
most interesting questions of the mining engineer, and trusts, a sli^t 
reference to the question which will be brought out as be proceeds, will 
he his excuse Rir introducing it into the present paper. 

The writer was coosulted, some years ago. as to the chance of ooal 
being discovered in tke Cleveland district, at Eirklevington, near Yarm, 
and finally was requested to superintend a boring then pursued to the 
depth of 582^ feet; but which, owing to circumstances which were 
difficult to determine, had become very eipensive, and made alow progress, 

Tbe boring had, up to that time, been done entirely by manual labour; 
the author, thereibre, recommended the erection of a horse gin, in which 
the power was applied to a forty-inch drum placed upon a vertical axle, 
the arms of which admitted of applying two horses, and men ad libitum, 
the power gained being in the proportion of one to ten at the starting 
point for the horses. 

Upon the upright drum a double-ended chain was attached, which 
worked over sheer-legs erected immediately over the hole, so as to attain 
as oStake for the rods of ten fathoms, and so as that, in thie act of raising 
or lowering, there might always be one end of the chun in the bottom, 
ready to be attached, and expedite the work as much as possible. 

These arrangements being made, it was soon found that there was a 
defect in the tubing which was inaerted to the depth of 109 feet, and 
which was so serious, in permitting the sand to descend and be again 
bronght up with the boring toots, as to render it very difficult t« t«ll In 
what strata we really were ; this incroaaed to such an extent as to cause 




the silting up of the hole in & Bmgl|B|igj||No the extent of thirty fathoms^ 
and occupied nearly a fortnight m^fMmg out again. 

On carefully examining into this defect, it appeared that the water rose 
in the hole to the depth of A, fig. 1, seventy-four feet from the surface ; 
and that at this point it was about level with the high water mark on 
the Tees^ about two miles distant, which it was no doubt connected with, 
by means of permeable gravel beds, extending from the arenaceous strata 
atB. 

On commencing to bore, the motion of the rods in the hole caused the 
vibration of the water between A and G at the bottom of the tubing, and 
so disturbed the quiescent sand, as to cause it to run down through the 
faults in the lower end of the tubing at the latter point. 

This tubing was made of galvanized iron plates, similar to that now 
exhibited, rivetted together and soldered so as to attempt to make it a 
water-tight casing; at tlie top of the hole it was in three concentric 
circles, which had been screwed and forced down successively until an 
obstacle was met with at each different place shown by the letters D, E, G. 
So soon as the outer circle* reached the depth of D, all hope appears to 
have vanished, from those who bored the earlier part of the work, of 
getting the tube further ; a second tubef was, therefore, inserted, which 
seems to have advanced as far as the point marked E, where it, in its 
turn, was abandoned; and a third t one advanced until it rested in the 
strata at G, which is, no doubt, the lower part of the lias freestone of a 
blue nature, as found on the rocks at Seaton Carew, and in the bed of the 
Leven, near Hutton Rudby. 

Such being the account imperfectly gathered from the workmen who 
superintended the earlier part of the boring, it became necessary to decide 
upon the best course to remedy the evil. At first sight it would have 
appeared easy enough to have caught the lower end of the tubes by means 
of a fish head properly contrived, and thus to have lifbed them out of the 
hole, and replaced them with a perfect tube, such as a gas tube, with 
faucet screw joints ; but, on attempting this, it soon became evident that, 
however perfect the description of tubing which might have been adopted, 
it would be a work of the greatest difficulty to extract when once it was 
regularly fixed and jammed into its place by the tenaceous clayey strata 
surrounding it; and that the difficulty of extracting, in the present case, 

* The diameter of this tuhinjp was 3^ inches external and 8^ inches intemaL 
t This tube was S\ inches external and 3 inches internal diameter. 
X This tube was 2} inches external and 2^ inches internal diameter. 
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uianced by the inrerior iju&Uty And make of the tabin^ : in 

short, that unless by crumpling; it up in such a manner as to destroy tbe 
hole, it was impossible to extract this tubing by main force. 

We had, therefore, no other choice left, but to attempt cutting; it out, 
inch by inch ; though before doing so, I may add, that we did attempt 
main force, to the extent of upwards of thirty tons, applied to the bottom 
of the tubing, in which the only success we attained was, the losing of 
several pieces of steel down the hole, which we were compelled Co fish up 
with a powerful mag^net, such as that now produced, and as these speci- 
mens will show. 

After much mature consideration and contrivance, it was determined to 
order such a perfect tubing, as would at the same time present as little 
obstacle as possible to the clay to be passed through on the outside, as 
well as surround the largest of the three tubes then in the hole, and 
present no obstacle to their being withdrawn through its interior. 

I ought to add, tliat in the process of the work, the conviction was 
forced upon me, that when once the cohesive force of clay like this was 
fftirly gripped and applied on the outside of tubes, passing any great 
length through it, nothing short of absolute destruction is available to 
withdraw them. 

The tubes, of which fig. 2 shows a section, and the modes of joining 
them, were made for me by Messrs. G, B. Lloyd, Birmingham, who look 
extraordinary pains to make them perfect ; so much so, as to cause them 
to say, when tlieir work was completed, that they had had so nmch 
trouble to please themselves with them that they felt it was out of their 
way to make more, but that they must refer me to Messrs. James Russell 
and Son, of Wednesbnry, who had erected machinery better qualified 
for the work, theirs being chiefly adapted to the finer descriptions of 
work, such as locomotive tubing, &o. 

These tubes were made twelve feet in length, flush outside and in, the 
lower portion being steeled for six inches firom the bottom end, so as to 
cut its way and follow down the space, and cover that exposed by the 
old tubes when cut and drawn, as shown at &g- 2. 

In order to commence opperations, and avoid too much clay going 
ddwn to the bottom of the hole, a straw plug was lirmly fixed in the lias 
portion of the hole at P, fig. 1. The lower portion of the «ew tubes was 
then screwed on to the top of the old ones by means of powerful clamps, 
attached to the exterior in such a manner as to avoid injuring the surface, 
and so soon as it was evident that they oould be screwed no further, the 
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knife or cutter (see figs. 2, S, and 4) was introduced inside the old 
tubing. Some force^ it will be evident^ was needed to get this knife 
down into the tubing, but the spring a giving so as to accommodate 
itself to the hole, permitted its descent to the distance required ; this 
being effected, it was turned round so as the steel cutter, shown at b, 
being forced against the sides of the tube, cut it through in the course 
of ten minutes or a quarter of an hour's turning. (See section at b, e, 
fig. 4. 

The old tubes being (if I may so call it) three-ply, three of these 
knives or cutters were required to cut out the three tubes, the inner one 
being detached first, and then the two exterior ones, and so soon as these 
latter were cut out, as far as they had been forced into the clay, the work 
became simplified into following down the interior tubing by the new 
tubes, as shown by the dotted lines firom dtoe, until we arrived at the 
lower end, where it was evident that the old inner tube had been so 
damaged or torn, either by the putting in or hammering it down, as to 
leave a vent or fissure for the sand to descend, and thus spoil the whole 
of the work for all fiiture success in the boring, to say nothing of the 
very great cost of lifting* the sand out, and subsequent most arduous 
labour to put the hole right. 

We finally recommenced the boring after about a month's labour in 
taking out the old tubings, leaving the new ones firmly bedded into the 
lias formation, at G, fig. 1, 112 feet firom the sur&ce, and subsequently 
bored to a depth of 710 feet in the new red sandstone formation, 
proceeding at the rate of about three feet in the twelve^ hours, and 
leaving the hole so as, if requisite, it may be widened out to four inches 
diameter ; and, possibly, should more sand be met with on reaching the 
magnesian limestone, or sands connected with it, it may again be retubed 
and the work continued to such depth as may be desirable. 

I may remark, after saying this much, that if ever an instance could 
be adduced which meiited the designation of '' penny- wise and pound 
fooli^," it is the attempt to prosecute so important a work as this boring 
by means of a so-called water-tight caisson, concocted in so rough a 
manner by the village tin-man or brazier. I say penny-wise and pound 
foolish advisedly, because what was meant to be so ultimately turned out 
the revei'se ; the new tubes from Messrs. Lloyd actually costing less than 
the other by about £10, including two journeys to Birmingham and back 
to explain them and their construction. 

To the care of Messrs. O. B. Lloyd in the manufecture I attribute a 
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pood deal of iny success in renewing these tubes. At the same ti 
the experience so gained in their oonstractiou convinces me, that if 
adojitetl in many places where air-holes are required in mines, and which 
will not justify tlie cost of sinking' a pit on a large scale by manual 
labour, good well-made tubes of this description might, even up to 
eighteen inches diameter, answer as a convenient tuhing for air-skafi 
sides ; and the interior could be extracted by boring tools, similarly to 
the method adopted ia artesian wells and mines on the Continent, by 
Kind and D^gous^e. 

I am jiirthei' convinced that in the artfisian wells, especially in passing 
through objectionable springs, tlie tubes would answer admirably, and 
that they couhl, by powerfiil clamps, be readily forced down, so as to 
secure a large volume of water from the lower strata, and effectually 
prevent the injurious mixture of inferior supplies. 

Fig, 1 shows the geological position of tJie upper portion of the bore- 
hole, and the depth to which tiie impertect tubing was inserted ; it also 
shows tlie tidal range, which we were ultimately able to take advantage 
of, by sinking so as to get four fathoms more offtake, an<l expedite the 
work ; tlie water still rising only to A, and flowing away from ttiat point 
when passed down the hole. Fig. 2 shows the action of the knife and 
spring cutter, when forced down into the tuhinf!;, ready to commence 
cutting. It also shows the tower end of the new tubing enclosing the 
others at the commencement of the work, the junction of ihe tubes, by 
means of the half-lap screw, being shown at j. Fig. 3 shows a front 
™w, with knife or cutter, b. Fig. 4 shows the action of the spring and 
cutter when the requisite length is cut through and ready for lifting ; 
the position of the tube being maintained perpendicular, or nearly so, by 
the ball or tliickening on Uie rods at h, and the lower end of the tube 
being supported by the projecting steel cutter at h. The dotted lines 
from d to e showing tlie position of the new steel-ended tube when 
screwed down ready for another operation. In boring deeper afWr the 
tubes were removed, three wooden blocks were used round the rods in 
the new tube to keep them plumb. 

In examining the nature of the strata thus passed through, as descril}ed, 
it will be evident, that to ensure success, the tubing, of whatever it is 
made, should be as truly cyUndrical as possible, straight, and flush 
BUT&ce, both outside and in. It will also be evident that in thus joining 
pieces of tubing together in this manner, the thickness ought to have a 
due pro]K>rtion to the work required, and the force likely to be used in 
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screwing them down ; and; also, that the only correct way of getting 
such tubes effectiyely into the ground is by screwing and not hammering, 
as in the case of pile-driving,^ or similarly to forcing a nail in. The 
author has seen this attempted on several occasions, but invariably with 
failure to the success of the work, and is convinced that no successful 
practical borer will adopt such measures. 

In some cases it has come to the writer's lot to widen out holes below 
the sharp edge of tubing, so as to permit its descent. This is an 
operation requiring great care and attention, and may hereafter be 
noticed ; but, in conclusion, he would observe that no branch of mine- 
engineering is qualified to bring out more thoroughly the abilities of a 
young engineer, than a perfect knowledge of the science of boring, 
requiring, as it does, the best mechanical skill, as well as the best 
knowledge of assaying rocks by chemical analysis. . He is aware of more 
than one deep boring in important districts, which were finished many 
years ago, and cost large sums of money, but which, in the then know- 
ledge of chemistry, were not critically examined, and hence, so far as 
their results are concerned, are utterly useless; the fact being, that 
beyond the colour of the material bored through, it is unknown whether 
it was a limestone, or what it was, to this day. 

A vote of thanks was then given to Mr. Reid for his paper, and it was 
arranged that the discussion thereon should be taken with that of the 
other papers when the proceedings were printed. 



OR THE YASIOITB MODES OV ASCEBTAXNIKO 



THE VELOCITIES OP CUERENTS OF AIR IN MINES, 

IN OBDEB TO DETEBMINE THE QUANTITIES CIBCULATINa IN A 

GIVEN TIME. 



By JOHN J. ATKINSON and JOHN DAGLISH. 



In the ventilation of mines, great advantages are well known to arise 
from dividing the air into a series of currents or splits, and its proper 
distribution amongst these is an object of very great importance, because, 
upon it depends, to a certain extent, not only the actual amount of the 
gross quantity that will be put into circulation, in a given time, by any 
ventilating power that may be employed, but also the relative degrees 
of safety and salubrity that will prevail in the di£krent districts into 
which the mine is divided. 

In order to effect this distribution of the air in such a manner as to 
obtain the most efficient general ventilation, and, at the same time, to 
allot to each district or split its proper share or proportion of the whole, 
it is essential to have some satisfactory mode of ascertaining the veloci- 
ties of the currents, and the quantities of air circulating in each of the 
splits in the unit of time. 

The various methods that have been employed for this purpose may be 
divided into three groiq)s. 

Mrit. — By travelling at the same velocity as the current, and noting 
the distance passed over in a unit of time. 

SeeoTid. — Determining, from observation, the rate at which small 

floating particles are carried along by the current, and assuming their 

velocities to be identical with that of the air current itself. Smoke from 

exploded gunpowder, burning turpentine or amadou, small pieces of down, 

and small balloons filled with hydrogen, have been all more or less 

employed for this purpose. 

Vol. X. — BiRHiNOHAM Mbbtino, July, 1861. v v 
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Third. — By usin^ anemometers, or apparatus of various forms ; i 

these may be divided into three classes : — (a) Anemometers haviog- v&nm 
or wands, made to revolve by the current of air imiiinging upon Uiein, 
the rate at which they revolve being indicated by pointers on diula 
forming- a part of tiie inatniinent — the pointers being made to revolve by 
means of wheels connecting them with the axis of the vanes or wands. 
The anemometers of Combes, Biram, Whewel, Osier, and Robinson, are 
instances of this class of instruments now in use in this ooiintry, all of 
which require a correction for fiiction. (b) Instruments which are 
a^cted by the force or impulse of the wind, without being subjected to 
Boy continuous revolving motion, such as Dr. Lind's, Henaut's, Bou- 
gier'a, and Dickiuson's anemometers, (c) Anemometers of & more 
complex character, such as Leslie's. 

Fir«t group. — Perhaps the primitive mode of aecertainiag tho velocity 
of currents of air in mines, was that of choosing a part of the gallery 
forming the air-way, having as uniform sectional dimensions as could be 
found, and after measuring off a distance of 100 to 150 yards in length, 
taking a lighted candle and walking in the direction of the current, 
holding the flame in such a position as to be folly exposed to the in- 
fluence of the current, but taking care to walk at the particular rate 
roquired, to cause the flame to burn in an upright position, without being 
deflected from the vertical, either by the current or by the progress of the 
person carrying it. The time required to traverse tht- distance measured 
off, being noted by a seconds wat«h, enabled the average nte of walking 
to be determined ; and the average rate so found, from three or four trials, 
was assumed to be the velocity of the air-current; and this, multiplied 
by the average sectional area of the part of the air-way selected for the 
experiment, was taken to represent the quantity of air passing in the unit 
of time. Formerly, when this mode of measuring the air in mines was 
in use, it would afford a close approximation to the truth ; but, with the 
ventilation now existing in many of our lai^ mines, it would not be 
practicable to walk as quickly as the currents travel in the principal 
splits; and running is not a sufficiently steady pace. One of the objec- 
tions to this, as well as to all other methods that require a considerable 
distance to be traversed, over which to observe the velocity, is the 
difliculty of obtaining a gallery of equal area throughout, over a su£Bcient 
distance ; but in cases where this is attainable, this method admits of 
great accuracy for velocities up to 400 feet per minute; in feet, the 
writers have been able to obtain as accurate results by this method as 
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by any other ; as can be seen by referring to Mo. I. Diagram and Table 
of Experiments,* In this and the other diagrams, the coloured lines 
are obtained by taking the actual velocities of the air-currents (ascer- 
tained as hereafter described), and the revolutions of the anemometer, 
or other indicated velocities, as coordinates. If the indicated velocity 
were the same as the actual velocity, a line drawn through the points 
where they would intersect each other in the diagrams, wpuld exactly 
coincide with the simple straight diagonal ; but as the one exceeds the 
other, so the coloured lines drawn through their points of intersection 
depart more or less from the diagonal. The black line, partially dotted 
to avoid confusion with the yellow, in this diagram, is formed by taking, 
as coordinates, the velocities obtained by walking with a lighted candle, 
and the true velocities, which in this case were found by correcting the 
readings of a Biram's anemometer, in the manner afterwards described at 
page 216. 

The close approximation of this line to the diagonal, shows that great 
accuracy can be attained by this metho^. It ought, however, to be 
mentioned, that the place where the experiments were made, was in all 
respects suitable, and specially adapted for the purpose, being perfectly 
level, and of an accurately uniform sectional area throughout the whole 
distance of 200 feet. 

Second group. — One of the principal of the second group of modes 
employed for the measurement of air, consists in observing the velocity 
of the smoke from an exploded charge of gunpowder in a part of the 
gallery, of nearly uniform sectional area ; and this, until recently, was 
the means most generally adopted in the coal mines of this country, for 
ascertaining the velocity of air-currents ; and although it has of late 
been largely superseded by the use of Biram's anemometer, the practice 
is still in considerable use, and, so iar as regards shaft velocities, 
remains the only method. It is, therefore, desirable to ascertain how 
far the results obtained by this, and similar methods of measuring air- 
currents, can be relied upon for accuracy ; and to investigate the various 
sources of error connected with them, with a view of either avoiding or 
making proper allowances for their effects, so far as may be practicable. 

The sudden explosion of gunpowder in the confined passages of mines 
produces several effects, which tend to cause inaccuracies in the results 
obtained by noting the passage of the smoke, as an index of the velocity 
of the current ^ 

* No. III. diagram has been oonatnioted speeially to exhibit the mode of airiying at 
tiie formula. 
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ExpGTimenU prove (as, indeed, mig'lit have been anticipated, conn' 
dtjring the 8mBl! qusiitities of ^npowder used), tliat in g^nertil oeitfaer 
the increase of bulk due to the introduction into the current of the 
products of combugtion, nor that due to tlie elevation of temperature, 
\iUve any appreciable eSect on its velocity. But other esperirnents show 
that the Jbroe of the expiation, when a considerable quantity of gun- 
powder is used in a feeble current, gives an impulse to the current, anil 
creates a velocity in excess of the normal one. A revolving- anemometer 
was placed in an air-passage traversed by a feeble current, go regulated 
aa to be just strong enough to produce thirty revolutions of the instru- 
ment per minute. The explosion of a culiic inch of gunpowder, at a 
distance of seventy feet, did not in aay way affect the instrument; but 
when the charge of gunpowder was increased to twenty cubic inches, die 
explosion caused & suddea and violent increase of its rate of revolving, 
acting as & temporary impulse, the revolutions very quickly decreasing to 
tlie original number again. The same effect is also clearly shown in ttie 
second series of experiments, page 211. The amount of error arising from 
this source, and which tends to increase the apparent velocity, depends 
on the quantity of gunpowder used, the se^^tional area of the nir-way, and 
the velocity of the current, increasing with the quantity of gunpowder 
employed, but decreasing as the sectional area of the air-way and the 
velocity of the current are increased, so that the explosion of a large 
quantity of gunpowder in a feeble current of air passing; over a short 
distance in a gallery of small sectional area, will be attended with the 
greatest errors ; but as, under the ordinary conditions of the currents and 
air-ways of mines, one cubic inch of gunpowder does not give rise to any 
sensible error from the cause alluded to, and as it affords sufficient smoke 
to be readily observable at a distance of 200 feet, that quantity has been 
adopted as a standard, and used in the experiments made by the writers. 

It appears to be very desirable that a standard quanti^ of gunpowder 
should be employed in all cases, whether in the ordinary measurement ot 
air or in conducting experiments, to enable comparisons to be made, as 
any variation in this respect will give rise to discrepant results. 

If a charge of gunpowder be exploded in an air-current, and the velo- 
city of its smoke be timed over a series of consecutive and equal distances 
in an uniform air-way, it will be found to be apparently most rapid near 
the point of ignition, and to decrease gradually as it flies to a greater 
distance from that point This is a most serious source of error, and may 
be regarded as fatal to the accuracy of this method of determining the 
velocity of a current of air. It probably results from the dilution, con- 



211 

defuatioHf and depomtian of the smoke arising from the explosion^ and 
tends to decrease the apparent velocity. 

The following experiments^ selected fit)m many others giving similar 
results^ will show this. 

The charge in each of these experiments was one cubic inch of gunpowder^ 
which was exploded ten feet to the windward of the commencement of the 
first space, or interval of twenty-five feet, and the time was noted when 
the smoke reached the commencement and also the end of each of the two 
intervals of twenty-five feet, into which the total distance of fifty feet 
was divided. 

XQUAL QUANTITIES OF OUMPOWDSB AT DITFESSHT VELOCITIXS. 

Time in passing Time in psssinff over Arenge velooity of the air- 

orer first interraf of aceond intenrnl of Total time. enzient, as indicated by the 

twenty-flrefieet- twenty-five feet. smoke. 

15" .• 21" •. 36" .. 83 feet per minute. 
12J" .. 15 J" .. 28" .. 107 „ 

6J" •• 9" .• 15 J" .. 193 „ 

5" .. 5 J" .. lOJ" •. 285 „ 

In the above experiment it will be noticed that in all cases the time 
occupied in passing over the second interval is greater than that occupied 
in passing over the first ; and it is further observable that this difference 
decreases as the velocity of the air increases. At the low velocity of 
83 feet per minute the times are 16" and 21", being a diflTerence of 40 per 
cent, of the lesser time ; whilst at the higher velocity of 285 feet per 
minute, the difference between 6" and 5^* only amounts to 10 per cent. 
The charge of gunpowder, in the two following series of experiments, 
was varied in quantity, and exploded 20 feet to the windward of the first 
interval ; t<he time being noted, as before, when the smoke reached the 
commencement and also the end of each of the two intervals of 50 feet 

First Series, 

DIFFEBENT QUANTITIES OF OUNPOWDEB AMD EQUAL 7XL0CITIES. 

Quantity of 
gunpowder. 

Cubic inches. 
1 



• • 



• • 



• • 



• • 



Time in passing orer Time in passing over 
first interval of second interval of 
flOfset. fiOfbet 

37' .. 45' 


Total tiaa. 

ear 


Averags Telodtr of abr 
etuTent,as indicated 

by the smoke, in 

faei per minute (pra> 

somed average). 

75 


27' 


35' 


62' 


ff 


15' 


24' 
Second Series. 


39' 


}} 


5' 


6' 


10' 


.. 600 


5* 


• • • • 


10' 


}} 


4' 


5' 


9i' 


}f 



4 
20 



1 
/4 
20 
It will be observed in these experiments — 1st That in a slow current 
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(seventy-fife feet per minute), with twenty cubic inclies of gTin 
the time occupied by tlie smolie in jiassing over the second interraJ of 
60 feet, was sixty per cent, more than it occupied in passing- over the first 
interrol of 50 feet, showing that the apparent velocity gradually decreased. 
These experiments further show, tliat this gradual loss of velocity is 
peatest where the churge of powder employed ia greatest. 2nd. That 
the apparent velocity, and, therefore, the apparent quantity of air, is more 
than doubled (being in the proportion of eighty-two to thirty-niae) with 
the low velocity, by using twenty cubic inches of gunpowder instead of one 
inch. 3rd, That these discrepancies are by far the greatest at low velo- 
cities, and are hardly apparent at high velocities, as will be seen by the 
second tenet. 

The smoke resulting from the eiplosion of gunpowder is not of the 
same density as the air-curreat. This has been observed by previom 
experimentists, and Las been confirmed by the writers by substituting 
turpentine smoke, which can be observed at a distance of fiO feet, bul 
which dissipates, and cannot be accurately observed at 100 feet. 
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17 -f- 31 = 38 
13J + 16i = 30 
7+9 = IC 8+8 = 16 ■ 

It will be noticed, that whilst gunpowder ^moke required 38*, SO", and 

16" respectively, to travel a distance of iJO feet; in a current hftviog the 
same velocity turpentine smoke required only 2b', 22", and 16*. But it 
may be observed, that experiments made with turpentine smoke are very 
unsatisfactory. The turpentine cannot, like gunpowder, be ignited in a 
large quantity simultaneously, but resembles more the ignition of a train 
of gunpowder; added to this, the resulting smoke is very difficult to 
discern, and is soon dissipated. Other writers mention experiments made 
with Amadou smoke, Down, and Balloons, but from experiments made 
with the greatest care, and under the most favourable circumstances, with 
each of these, by the writers, they conclude that such previous experi- 
ments could only have given totally erroneous results, as these substances 
do not appear to them to be at all adapted to give true velocities. 

Experimentists, who have written on this subject, have also noticed 
another source of error in all currents, especially in the more feeble, 
in the eddies and streams of varying velocity which almost always exist ; 
and when any small particles or light bodies are introduced into the 
currents, a part of them get into the axis of greatest velocity, and give 
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a result higher than the average ; other portions fly too slow ; and even 
on the average of the first and last particles traversing the distance^ the 
results are too low. 

Similar remarks are applicable to the use of smoke ; at least Mons. 
Jochams (Vol. IX. Annales des Travaux Publics de Belgique) came to these 
conclusions on comparing the results of his experiments by these modes 
with the corresponding and simultaneous observations made with Combes' 
anemometer. The results of his experiments^ indicating the distances 
traversed per second^ by the different agents, are given in the Allowing 
tables. 





Velocities 

dedactid 

from Mong. 

Cumbeii' 
Anemometer. 


YelociUei of the Cnxrent of air otecrred with 


Down. 


Powder Smoke. 




First of 
Smoke. 


Arengb of 


first of 
Smoke. 


ArenMre of 


Metres. 


4-84 
1-63 
2-34 


• . • • 

1-67 
278 


■ . a • 

1-26 
2-00 


.... 

1-56 
2-50 


.... 
M9 
2 00 


431 



In reference to the down especially, if it got out of the axis of the air- 
way where the most rapid current prevailed, it adhered to the damp walls 
of the gallery, and was, consequently, greatly retarded. 



The ▼arious soaroes of error oonoeoted with the use of g^powder smoke, are g^Ten 
in the foUowiog tabular form :<— 

Causes of Ebbob if ExpsHiMENTiifo on the Yelocitt of Aib-Cubbents in 

Mines, by means of Gunpowdbb Smoke. 

cause. effect. 

1. — The expansion of the^ 



whole column of air, by the 
addition to it of the results of 
the combustion of gunpowder, 
and bj the h^at developed {qf 
slight magnitude). 



Tending to inereoMe 
^apparent velocity, owing'< 
to two causes, yis. : — 



O 1. — The conversion of a 
small portion of solid gunpow- 
der into gas. 

2. — The further expansion 
of this, owing to the high 

^temperature of ignition. 



^. — Diffusion or deposition ) Tending to deereate very considerably the apparent 
of the smoke. ) velocity. 

4. — Eddies and currents 
5. — The density 
smoke. 



rents. ) o- • 



iving rise to serious irregularities, materially affeot- 
the accuracy of the results. 



Pbecautions to be used in Experimenting with Gunpowdeb Smokb. 
By the use of fixed quantities and distances, and the avoidance of extreme velodtieiy 
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The following Table qfSxperimente, made by timing gunpowder smoke, 
bj walking so us to keep the flame of an exposed light id a vertica] jiosi- 
tion, and by the use of a Biram'a anemomelfir respectively, is given with ■ 
view of showing the comparative degrees of accuracy of these different 
modes of measuring currents of air; and the results are graphically ei- 
lubit«d in Diagram Ifo. I. 

TABLE No. 1. 

Experijoents made with Gunpowder SmoJie, JValking, and an Anrmo- 

meter (Biram'i 6-inch), in the same Current of Air. 
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Explanation op Table No. I., and Diaorah No. I. 

JV0. 1 Column (blue line). — In those experiments the time during 

wMch the powder smoke travelled a distance of 60 feet was observed, 



■o appreximatim to accnrao; in tlie meuuremenl of airourrenta bj ^npawder u>iok« 
ma; br Bitniafd; and tb« numrrous expeiimeDts made b; the writers luggett the fol- 
lowin)[ prefauUons as belQg neceuarj :— 

Firit. — Always ta use one oubic inob of gunpowder aa a standard. 

Second.— The vtlooity of tbe current neter to be leaa than 100 feel per minute, nor 
to exceed 600 feet per minute. In order Co attain tbii, a gallerj of auob area muaC be 
•elected u will afford this velority of current. 

rA^rrf.— Tht time not to be lew than twelve aeoandi, nor (o exceed thirty seconda. 

Fourri.— To eiplodi) the grunpowder ten feet to the windward of Ibe first mark. 

Therefore, in alow currents of Irom lOOJo 250 feet per minute velocity, tha distance 
to be taken over which the smoke passes will be lifiy feet ; end for tbe blgbei Tolooitiee 
ol from 250 to 600 feet, tbe distanoe will be Inoreaaed to 100 feet. 
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it the velocity per minute calculated; thus^ in the first experi- 
e time so occupied was 24*^9 indicating a velocity of 125 feet per 
^j this is the ordinary mode of finding the velocity of air by powder 

^rill be observed^ that owing to the distance travelled over by the 
being shorty the velocities of the smoke are in excess of the true 
^es of the air. 

-^Ttf. 2 Column (yellow line); the distance over which the time of 
>^wder smoke is noted is 200 feet instead of 50 feet ; and^ it will 
i^rved that the apparent velocities here are less than the true ones^ 
king in the two first experiments^ where the contrary result is due 
l>ly to the explosive force of the gunpowder in a feeble current. 
K 3 Column (red line) — Experiments made by using "equal times," 
Bid of " equal distances/' and varying the distance, so that in each 
riment the time of observation was as nearly as possible the same. 
c. 4 Column (black line dotted to avoid confusion with the yellow). — 
eriments made by walking 200 feet with a lighted candle, and noting 
time, and calculating velocity per minute therefrom. 
o. 5 Column. — ^Velocity as recorded on the dial of a Biram's anemo- 
ir, the same as the blue line in Diagram III,, and explained at page 
These readings require correction by the formula (for this instru- 
t nearly) V = -97 R + 40, 

where V = the velocity of the air-current in feet per minute ; 
and R = the revolutions of the anemometer, as shown by the 
index on its dial, in the same time, 
le corrected readings are given in column 6, and are taken as the 
dard or trus velocities, 
lese experiments were conducted with the greatest care, in a gallery 

mine specially adapted for the purpose, by being made perfectly 
., and of uniform sectional area ; during the experiments the velo- 
was kept as constant as practicable throughout, by keeping the water 
^ of that part of the mine at a uniform height. The observations 
) taken with a large seconds watch, specially adapted to this purpose, 

all experiments were repeated until a correct average could be 
ined ; but even under these circumstances, which in general will not 
ail for ordinary measurements in mines, great discrepancies are obser- 
B between the results obtained by timing smoke over equal distances, 

those obtained either by timing smoke during equal times, or over 
l1 distances of different lengths. Doubtless, such an empirical rule 

OL. X.^BlBMINOHAM MkBTING, JULV, 1861. O O 
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could bo fonnd, for bo regulating the distance to be traversed, the amount 
of powder to be exploded, and the duration of tUe esperiments, as that 
with great care nearly accurate results could he obtained ; still tlie diffi- 
culty of obtaining galleiies fiilly adapted for the purpose, by their 
nniforraitj of sectional area, &c., and the anraerous chances of error in 
observation are so great, that it is most desirable that tbere should be 
Bonie more ready and accurate mode of ascertaining the velocities of 
currents of air ; anemometers of various constructions have of late 
been more or less employed for the purpose, and it is tberefore, impor- 
tant to ascertain how &r the indications of such instruments can be relied 
upon for accuracy. 



REVOLVING ANEMOMETERS. 

The anemometer most generally used in the coal mines of England is 
liiat introduced by the late Mr. Birant, and as its construction is doubtless 
known tJ) all the members of the Institute, it will not be necessaiy to 
- give more than a general description of the nature of the instrument, the 
more so as it is minutely described in the evidence of the late Mr. Biram 
before the Parliamentary Committee on Accidents in Mines, 1649, page 
179. It consists of a series of vanes, which revolve with the action of 
the air-current — the number of revolutions, or, rather, numbers propor- 
tional to the revolutions, being registered by pointers on the face of a dial 
forming- a part of the instrument itself. It is made of three sizes, 4, G, and 
12 inches j is very portable ; and is not, with proper care, liable to get out 
of order, especially the smaller size. A certain force of current is required 
to overcome the friction, and put the instrument into motion. Some of 
these instruments will continue to revolve in a current as low as 30 feet 
per minute, but with the most of them a velocity of about 60 feet is 
required. Every one who has occasion to use this anemometer should he 
aware that it does not register the actual velocity of the air, especially 
in feeble air-currents; nor yet the number of revolutions' of the wands, 
but only a number proportional to the latter; and although it is of great 
value, as indicating an increase or decrease in the velocity from time to 
time, such as the periodical variations in any particular current, it is of 
comparatively httle value, as generally used, for ascertaining real velo- 
cities, such, for instance, as occur in changing or splitting air-currents, 
when it is of great importance to know the actual quantities. To obtain, 
with this instrument, accurate results, available for all purposes, it 
is necessary, as with Combee' anemometer, to apply a formula to its 




^ 
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Bcorded revolutions; or, rather, to the number indicated by the index, 
Ki order to ascertain the actual velocity of anj current ; each particular 
■iBtmment requiring special experiments to be made with it, in order to 
Letermine the value of the constants required to be employed in the 
brmula. These constants, however, remain the same for the same 
nstmment, so long as it remains in the same condition, and are inde- 
lendent of the velocities of the currents of air in which it is employed. 

To obtain the constants of this formula, as applicable to any particular 
Qstmment, it is absolutely necessary, in making the experiments, to 
oiow correctly the true velocity, as a standard of comparison. As before 
explained, none of the ordinary modes employed for ascertaining the real 
relocities are reliable ; the writers, therefore, had a Whirling Machine 
constructed, the wand of which, in revolving, described a circle of 
25 feet in circumference ; the number of its revolutions being indicated 
i>y a pointer on a dial. 

In the first instance, this Whirling Machine was turned by the hand, 
}ut as this did not give a sufficiently uniform velocity, a small drum, and 
I rope with a descending weight attached to it, was employed, to give 
notion to the machine; and worked thus it gave extremely accurate 
■esults; so &r, at least, as regards the uniformity of its own velocity. 
3y fixing the anemometer on the end of the wand, the velocity with 
vhich it passes through the air can be ascertained and compared with 
he revolutions of the anemometer, as indicated on its dial. Dramng 
No. II. represents this machine. 

It has been stated by some writers that there is a difference between 
he force or impulse of air moving upon a body at rest, and the resistance 
vhich a body moving through a still atmosphere meets with in its pas- 
age, supposing the velocity to be the same in each case ; and besides 
his, the effect of a body moving in a circle, in a still atmosphere, may 
lot be the same as when moving in a straight line. The experiments of 
lutton and others appear, however, to indicate that the force of impact 
»f a wind against a stationary body is always proportional to the resist- 
ance which a solid, moved through a still atmosphere, meets with at the 
iame velocity. 

COMPABISON OF OOVEBNORS. 

No. IIL Diatom. 

The following experiments were made with the Whirling Machine, 
md the results are given both in a diagram and in a tabulated form. 



iagram the different coloured lines are drawn tbroug'b the 

on by taking the actual velocities of the anemometer through a 

til! atuiusphere, and the numbers indicated by tLe pointers of the 

Qomet«r as being passed over in tJie nnit of time, as the coordinates 

a line or curve in each series of experiments made at different velo- 

i under the same conditions, and with the eame anemometer, 

i anemometers at the commencemeiit of tfae experimeatA were made 

revolve by the Whirling Machine in a circle only 10 fcet in circum- 

nce; but as the rate of ravolution appeared to be somewhat irregular, 

lat board, intended to regulate the motion and render il uniform, was 

d opposite to that at which iht 

luenta shown by the red and j/ellom 

regTiIitting board projecting down- 



sd at the end of tie revoivi 
anemometer was fixed, and the 
[inos were made, the former w: 
wards, and the latter witli it 



log upwards, from the revolving 



The disorepaacies hetweo: 
position of the regulating be 
eSect; the changes in the 
errors of observation, being 
that exist. 

The blue line in the same i 



es are so slig^ht tliat the mere 
not appear to have any sensible 
ibration of the anemometer, and 

account for the slight differences 



liibits tl 



) results of certain expe- 



riments made with the same anemometer in the same sized circle, bnt 
without any flat board or governor on the wand ; and as these experiments 
give results differing considerably from the two lines obtained with the 
governor on the wand, we infer that the governor really produces some 

As, however, all the three hues are sensibly straight, the inference is 
that the effect does not arise from any greater uniformity in the rate of 
motion witli, than exists without, the board ; because so long as the lines 
are straight, it follows that an average speed, however irr^^lar, would, 
on the whole, give the same general results as a uniform speed equal to 
such average ; and hence we infer that the governor only produces an 
effect that is disadvantageous, arising probably from disturbing ^e still- 
ness of the atmosphere in which the experiments are conducted. On 
these considerations we ai'e led to reject the experiments made with the 
governors, and, so far, adopt those shown by the blue Une in which no 
governor was used. 

This view was partly confirmed on using a longer wand and causing 
the anemometers to revolve in a circle S5 feet in circumference. 



219 

in lieu of one of only 10 feet in circumference ; as^ under these circum- 
stanceSy the irregularity of the rate of revolution is much less apparent. 

The results of the experiments give a straight line in the diagram^ and 
lead to a formula of the form of Y =x m R + ft* the same as arrived at 
by Mons. Combes^ where 

V = velocity of air ; 

R = revolutions of anemometer; or rather^ the numbers indi- 
cated by its indeX; in the unit of time ; 
And m and a each constants^ suited to the friction of the anemo- 
meter, the form of the vanes, and the density of the air. 
The experiments represented by the bltie line in the diagram are fairly 
represented by the formula V = '9685 R + 40'5. 

The rejected red line in this diagram represents experiments made with 
an anemometer revolving in a horizontal circle 25 feet in circumference^ 
through a still atmosphere, with a govemor^board 2 feet in area fixed 
upwards, at the contrary end of the wand to that on which the 
anemometer was fixed, and give rise to a similar formula^ namely, 
V = -9197 R + 40-5. 

While the rejected yellow line represents experiments made under 
similar conditions with the same anemometer, excepting that the governor 
in this case was turned downward, and give V = '9 R + 45*3 ; so that 
on the whole the use of the governor appears to increase the numbers 
indicated by the index of the anemometer, excepting, perhaps, at veiy 
low velocities. 



sso 

3 SitiU ofSxperiments, made wilh a Q-ineh Biram'i Anetnomater, 

to ascertain t/te effict of placing a board on the end of the wand of 
the Whirling Machine, to act a* a goeemor ; the circle detcribed hf 
the wand being Object in circumference. 
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Note. — In tbeu UblM onl; a portion orthc Talocitiei have bono oakulaled oi 
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OOMPABISON OF ANEMOMETERS. 

No. IV. Diagram 

Exhibits graphically the results of experiments made with three Biram^s 
anemometers of the different sizes^ on the Whirling Machine, in a circle 
of 26 feet in circumference, without any governor. We observe, that for 
the 4-inch and 6-inch anemometers, the lines are sensibly straight, and 
the formula consequently simple, and of the form previously indicated. 
With the 13-inch anemometer, however, the line is curved, and the 
formula complicated, and troublesome in consequence ; and, although the 
friction of this large anemometer is somewhat greater than that of the 
smaller ones, the difference in this respect is trifling; even the large 
instrument would apparently be kept in motion by a velocity of 64 feet 
per minute, or little more than 1 foot per second, and as friction milst be 
allowed for in all cases, its amount is of no great importance, within 
moderate limits. It is not very easy to account for the curvature of the 
line given by the large instrument, when not observed in the smaller 
ones ; it may, however, arise from one of two causes, or possibly partly 
from both. The large instrument is moved sensibly quicker in the circle 
of revolution at its outer, than at its inner extremity, while this differ- 
ence of velocity in the two sides of the anemometer is less palpable in 
the smaller ones ; and this difference may tend to cause all the instruments 
to depart from the straight line, but from being less in amount with small 
instruments, may not be observable within the velocities attained in the 
experiments : or, apart from this cause, all such anemometers may give 
curved lines when plotted in this way, but, perhaps, quicker curves in 
large »than small instruments ; considerations as to strength, portability, 
comparative freedom from liability to derangement, and original cost, all 
appear to be favourable to the use of the 6-inch or 4-inch Biram anemo- 
meter, in preference to the 12-inch ones. 

The constant multiplier m, in these formula, which depends to some 
extent, for its amount, upon the spur gear, and the arbitrary marks and 
numbers on ihe dial, is greatest on the 6-inch, and least in the 12-inch 
anemometer ; while, in the smallest, or 4-inch, it is intermediate ; proving 
that it does not necessarily follow the size of the instrument, but really 
depends partly upon the conditions just mentioned. 

The experiments from which this diagram was constructed are as 
follows :— 



No. 4. — Table of Eepervnents mode mtk the tJu-BS tiret ef Birtmt 

Anemometers, to ascertain the conttanU m aiul n in iheJ'vrmuUt V = 
m R + &Jbreach instrument; the true Vclocititi being atcertainedh 
passing tlte Anemonieters through a still atme^here at kno*t>» Vtio 
cities, by the Whirling Machine, in a circle of^^Jeet in eircum 
Jerence. 
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COMPARISON OF ANEMOMETERS, 
li'o. Y. Diagram. 
In consequence of the sensible difference in the formula required fo 
the 12-inch, and for the 6-incL, and 4-inch anemometers, as eshibited ii 
Diagram Xo. IV., another set of eiperiments were made to prove wlietbei 
this was owing to the construction of the hirger instrument, ur to somi 
error in observation in the previous exjierinients j the resnlts are giver 
in JVd. V. Diagram. 
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In this diagram two sets of experiments^ made with the same 12-iuch 
anemometer, at different times, by the Whirling Machine, with a circle 25 
feet in diameter, are compared with each other. 

The red line is the same as the blue line of No. IV. Diagram^ and is a 
curve, as has been already stated; the bltie line is also a curve, but 
approaches rather more nearly to a straight line ; the friction being at the 
same time much smaller than in the same instrument, tried in the expe- 
riments shown by No. IV. Diagram; so that the friction does not appear to 
depend so much upon the size, as upon the condition of the instrument. 
This result agrees with those obtained in other experiments with the 
4-inch anemometer (page 232), which latter clearly prove that the 
friction does not vary much if the instrument itself remains unaltered, 
but from the construction of the larger instruments, and from the nature 
of the material of which their vanes are formed, they are extremely 
liable to become disarranged and altered in form, in fact it is most 
difficult to avoid putting them out of form when using them, and it is 
extremely probable that the alteration in the additive constant is due to 
this cause.* 

Both the lines deduced from the experiments made with the 12-inch or 
large anemometers are, it will be seen, curves, and require complicated 
formula ; while it is somewhat doubtful as to whether the departure from 
a straight line is due to the circular motion caused by the revolving wand 
of the Whirling Machine, or is inherent in the nature of the instruments 
themselves, in which latter case only would it arise on employing the 
instrument for measuring currents of air in the ordinary way. 



* This view is corroborated by No. XI. Diagram^ in which it will be observed that the 
constant for one of the 4-inch anemometers is altered in consequence of its fallinpf off 
the wand and becomings deranged, although no alteration in the instrtunent was observ« 
able from the accident. No, XIL Diagram also elucidates this. 
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JV'ff. 6.~TabU of Ste<*nd Set of Ih^mmenU, made with a '£inm'* 
lS-i»cA Anemometer, ttnth Whirling Machine, 26-feet circle (made 
to corroborate No. 4 Set of SxperititcnU). 
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C0MPAEI80N OF CIRCLES. 

No. VI. Diagram 

Shows the effect of causing an anemometer to revolve in a 10-feet as 

compared with a ^S-feet circle, on the Whirling Machine, with a governor 
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fixed downwurds in both cases ; the red line is the same as the yellon 
line in No. III. Diagram, and is for the S6-feet circle. On t^ing the 
circle at lO-Feet, the constant additive for friction remains unaltered, but 
the inBtrament itself reTolres quicker than in the lar^ circle for equal 
▼elodtiesj so that the constant multiplier is rednced. 

The anemometer was the same 6-inch Binun in each case. 



No. 6.— TbiJs of Expenmenta made mth a 6-tnfA BiranCa Ananomater 
to aaeertain tha fffeet of revolving in eirelea of different diametera, 
mUh a governor or board Jixed downmard on the ntand of the 
Whirlmg Maehme. 
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COHPABISON OF CIBCLB8.— (TO COEBOBORATB No. 6.) 

No. VII, Diagram. 

This series of experiments, like No. 6 set, give a comparison of the 

effect of causing anemometers to revolve in circles of difierent sizes. 



with t 12-iiich i 
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1 in lieu of a 6-iiicfa anemometer, and without govemon. 
Here, again, the instrument revolTes (luicker, for a given veloci^ 
iJirougb the tiir, in a 10-feet than in a 25-feet circle, showing that the 
result is not accidental, but has a cause, depending for its amount upoa 
the siee of the circle ; and this fact renders it probable, that if the circles 
were indefinitely large, or what is equivaleiit, if the anemometera were 
moved in a straight line, tUroug-li a still atmosphere, the aumben 
indicated by the index uf the instrument would be somewhat less thau 
those obtained In a 26-feet circle, the difference, howerer, would, in all 
probability, be small. 

As this point is one of very coneiderable importance, in connectioa 
with the general principles of aerodynamics, the writers intend making 
further experiments in reference to this part of the subject. 

A'o. 7. — ThbU of Experimenia made mth a 12-tncA Biram's Anemo- 
meter, by the Whirling Machitu, with a 25'J'eet and a lO-Jeet circlt, 
mithovt govfmor boardt. 
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COMPARISON OF ANEMOMETERS. 

JV^o. VIIL Diagram. — lAnea formed by Experiments made with Combed 

Anemometer. 

This is the instrument chiefly employed on the continent, and is the 
invention of Mons. Combes ; it is a revolving' instrument, being put into 
motion by the impact of the wind, upon four vanes, fixed like the sails of 
a windmill, at an angle with the direction of the wind, and requires the 
application of a formula to reduce the numbers indicated by its index to 
actual velocities. 

In the various experiments that have been made with these instruments 
on the continent, it has been found that the excess of the actual wind 
velocities, over the particular wind velocities which are required to over- 
come their firictional resistance, is simply proportional to the number of 
revolutions performed by them in the unit of time ; or, what is the same, 
to the numbers indicated by the pointers, giving rise to an expression of 
the form of V = m R + a, by means of which, the velocity of the wind 
V can be found when we know the number of revolutions R, of the 
instrument, in the unit of time ; a and m being constants for the same 
instrument, whatever be the velocity Y, or revolutions R. 

The above expression is the equation to a straight line. The constants 
a and m, can be determined for any instrument, by means of two experi- 
mental trials of the number of revolutions corresponding to different 
ascertained wind velocities ; thus, if V and R are the velocity and corres- 
ponding number of revolutions or indications given by the pointers in 
the unit of time, in one of such trials, and V, and R', the same, respec- 
tively, on the other trial, 

then V = m R + a 
and V = m R' + a 
V-V 



from whence m = 



R-R' 



V'R-VR' 

and a ^ — _ .— 

R-R' 

The irregularities in the line made by this instrument, are, doubtless, 
caused by errors in observation, and derangement of the pointers, as it 
is much more di£Scult to read off than Biram's instrument, under the 
peculiar circumstances of revolving' on a wand in a circle ; but these 
irref>^arities would probably not exist, when using the instrument in the 
ordinary way for measuring a current of air. The line for the Biram's 
anemometer is more uniform, because it can be read off with more ease 
and accuracy in this kind of experiment. 
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KTS^'^tls of ExperimenU tvilh Combe* aiid RoUrmn's Aitm^^^ 
meters, compared with Biram's Anemometer, on Whirling Machine,^^ 
25-feet dreU. | 
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by the Whirling Machine, in a 25-feet cirde, without governors on the 
revolving wand. The results obt^ned in these experiments appear to be 
both* remarkable and important, inasmuch as they indicate that the 
formula, deduced from the walking experiments, do not agree, even 
within moderate limits, with those obtained by the use of the Whirling 
Machine ; and it becomes a question as to whether the results of either 
mode are reliable, and if either, as to which mode is so. 

All the lines in this diagram are more or less curved. The yellow line 
relating to the revolving experiments is, however, less curved than the 
other lines, relating to the experiments made by walking in a straight 
line, and carrying the instrument through a still atmosphere ; the yellow 
line, indeed, may be regarded as being nearly straight. Of the more recent 
experiments, the brown line may be taken as approaching the straight 
line; also the black line up to (a) where it rapidly &lls off. This is 
probably owing to errors at the high velocities. 

The red line obtained by walking in a straight line is much more 
curved than the yell<m line of the 25-feet circle, the multiplier (m) of 
the numbers indicated by the index of the anemometer being much 
smaller, and the multiplier of the square of the numbers indicated by 
the index of the anemometer being very much larger in the experiments 
made by walking in a straight line than in the revolving experiments. 
It appears to be anomalous that the lines relating to experiments in a 
10-feet circle should be more curved than those relating to experiments 
in a 25-feet circle, on the one hand ; while the line relating to experi- 
ments made in a straight line should, on the otter hand, be more curved 
than either. 

Future experiments may possibly throw some light upon this apparent 
anomaly. 

It is stated in Weisbach's Mechanics, that from the experiments of 
Du Buat and those of Thibault, it would appear that the forces of still air 
against a flat surface, moved at different velocities through it in a straight 
line, are proportional to the forces of impact of winds of the same veloci- 
ties, but less than them in the ratio of 1-4 to 1-85 ; so that if V, be the 
velocity of the wind, and V„ that of the body, in the two cases, then 
when the velocities are such as to make the resistance in the one case 
equal to the force of impact in the other, we have 1-86 Vj =3 1*4 V^ 



» 



and hence V, = J j^^ V„ = 0-87 V, 



from which we see that the velocity of wind only appears to require to 
be 0-87 of that of a body moved through still air in a straight line, to 



gm rise to th« same force ag;ftiDst the hodj ; and hence it mfty be that 

the velocities calculated from our formula, deduced from the walking or 
Whirling Machine eiperi meats, H'ould require, when the anemometer ia 
employed in the ordinary way for measuring a current of air, to be multi- 
plied by 087, to give the true velocity of che wind ; but on this point 
we entertain very grare doubts, as such results do not appear, a priori, 
to be probable, and the subject is one in which mistakes are very liable 
to occur. Fitrtlier experiments may possibly illustrate this part of the 
subject. 

Id like manner, when a fiat surface is moved against a still atmosphere 
in a circle, the experiments of Hutton, Borda, and Thibault, appear to 
indicate that at a given velocity the force or resistance is only about 1-6, 
compared with a force of 1'85 for the same velocity when the flat eiirfoce 
is at rest, nnd the air moves, as a wind, against it ; so that if V^ be the 
velociPf of Q flat surface moving in a circle, and V, the velocity of a wind 
giving rise to the same force, then, in order that the force in the one case 
may be equal to the resistance in the other, we have the velocities such 
that 

1-85 V; = 1-5 \^ 

from whence V, = J ^.^^ V„ == "9 V, 
from which it would appear that the velocities of wind, as deduced from 
the formula found by the experiments made with the Whirling Machise, 
should be reduced by multiplying tbem by "9 in order to get the actual 
velocities of the wind. There is, however, said to be more grave doubts 
stdll as to the correctness of this conclusion, and for the present it is 
preferred to leave it out of the formula given. 

The discrepancy between thej/rllom line, in JVd. /X. Diagram, repre- 
senting V„ and the blue and red lines representing V„ are much greater 
than the difierences just alluded to would appear to indicate, and henoe 
there is reason to suppose that the data are not reliable ; indeed, it may be 
seen that Weisbacb, in adopting 1'85, 1-4, and 1-5 as muIdpHers of the 
motive column to give the force or resistance due to a wind, to moving a 
flat surface in a straight line through still tur, and then in a circle, 
respectively, makes no distinction between a large and a small circle, 
while a glance at Diagram No. VII. appears to show, that the size of the 
circle has considerable influence upon the amount of the resistance the 
body meets with in its revolutions through still air at any velocity. 

It should, however, also be stated that the discrepancies between the 
yellow hne on the one hand, and the blue, red, and other lines on the 



■J 
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other hand, in No. IX. Hvagram^ chiefly preTail at the higher velocitiefl^ 
and probably arise from the errors of observation, owing to the experi* 
menter having to run at considerable speeds ; the jolting motion arising 
from this, and the disturbance of the air by his body, must be considerable. 
The formula for the hrann and green, lines is obtained only up to a velo- 
city of 500 feet per minute, up to which point the diagram exhibits a 
straight line, conforming very closely with that given by the Whirling 
Machine. 

The height of a column of a fluid, h, in feet, required to generate a 
velocity of Yi in feet per second, apart from friction, is expressed by 

h = —-^ 
1 2g 

when g = 32^, giving 

or, where h^ is the height of the column due to V^ the velocity in feet 
per minute, this becomes 

vj 

^ "= 231,600 
and from the experiments of the authors just mentioned, it would appear 
that the impact of a fluid in motion would support a vertical column of 
the height f, in feet, expressed by 

r _ 1-85 v; _ 1-85 v; 

' ^ 231,600 •" 64J 

^ 126,189 3477 
Wbile if the fluid is at rest, and the body (having in each case a flat sur- 
fiuje) is moved in a straight line, the resistance 4i ^ height in feet of a 
column of the fluid would only amoimt to 

f _ 1-4 V; _ 1-4 V? 
" "■ 231,600 "■ 64i 

£ Vj 1 1 

^ ~ 166,439 ~ 46^952 
or if the body were moved in a circle the resistance would support a 
column of the fluid 4 f^^et in height found by 

f = 1-5 Vt _ 1-5 V? 
^ 231,600" 64J 

or f = * = ^1 
^ 154,400 42-889 

TOL. Xi— BlBHINOBAlf UXBTIIIO, JVLT, 1861. 1 1 
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No. 9.—TabU of Eawrimmta mads Sy malkinff BOO/eet in a granary^ 
in a ttill almoiphere, ivith a O-inrA and i-ineh Biram'a Anfmo- 
neiitr in the h/inri, compared n-ifh experiment made Tvith the tatnt 
Anemi>me'er on the Whirling Machine. 
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No. 10 Series of ExperimenU 
Was made for the purpose of observing whether the action of Biram'i 
knemometor varied much with the condition of the instmment, i.e., whether 
the 8&me formula and constants were required for the same instrument 
when properly cleaned and oiled, and again, after being mudi used and 
in a dirty condition ; and it is certainly eatis&ctory to find, as will ha 



38S 

obwrred' in the diaj^nun, that tha action of the same instrument is verj 
little altered through these varied oonditjons. 

The dotted line on this di^^nm shows the velocity found bj cor- 
recting the readings of ihe anemometer by the fbnnula (for this par- 
ticular instrument), V = 1-017 R + 30; and it will be remarked how 
very close the line approximates to the true velocity of the ioBtrument 
passing through the air, as found by the Whirling Machine. 

Jfo. 10. — liibU of ExpfrimenU made mtk a 6-inck Biram't Anemo- 
neUr, in clean arid dirty ctmditum* retpeetively, on the Whirlmg 
Machine in a ^-feet circle. 
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Jfo. XI. Diagram 
Exhibits a series of lines formed by various 4 and 6-inch Biram's anemo- 
meters, with which experiments have beeu tried. It will be observed 
that, although the general tendency of the lines formed by the different 
anemometers is in the same direction, thus giving one general form of 
formula applicable to all of them ; still each anemometer has a decided 
line of its own, requiring that special constants, found by direct experi- 
ment, should be applied to each iDBtrument. In making one of the 
experiments, the anemometer fell off the wand of the Whirling Machine 
(* in blue line), and although it sustained no apparent damage, still the 
line made by this instrument was altered at and from this point The 
instrument was apparently not damaged, but the constants required for 
tlie correction of its readings were altered, owing, possibly, to some 
alteration in the form of the vanes ; showing that although, as previously 
explained (No. 10 series), the fiict of the instrument being in a dean or 
dir^ oondititm, does not serioosly ilket its readings; still any sudden 
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■hock, or other violent treatment tending to vary tlie form of tiie » 
or otherwise alter the mechanical condition of the instrument, would do so. 
But even in this case the discTepancj caused by the &I1 seems to be 
much less ia amount than the inaccuracy of the original readings; and 
the application of the formula, as first found, would still render the read- 
ings much more correct than if they were used in their uncorrected sCste. 

JVo. 11. — TableofExperiinenUnuide with several AnemometeTs(Biram's) 
on Whirling Mtuhine, in 2o-feet circle, tojind ctnutanU m and a. 
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No. 18 Series of Experiments 

Was made for tlie purpose of observing the comparative rates of revolu- 
tiou of the same Biram's anemometer, wheu passed through a still 
atmosphere, by the Whirling Machine, in the first instance with its back, 
and again with its face towards the directioD of its motion; the fonuer 
being the ordinary mode of using these instruments. 

As there were considerable differences in the results given by these 
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mcperiments, eridentl; depending- upon whether the front or the ba«^ tff 
the instrument received the impulBd of the air, » that when plotted to 
form a diagram, the lines appeared considerably apart from each other, 
showing that the same formula could not apply to the instnunent under 
the variation of conditions involved in the experiments, another series of 
Bimilar experiments, No. 12b, was made, further to test the truth of the 
conclusion indicated by the former series. The results of these experi- 
ments only served to confirm the former ones. 

The two blue linee (Diagram No. XII) are formed from No. 12« teriet 
of Experimentt, and the two red lines from No. Vib uries; the dotted line 
in each case being that given when the back of the anemometer received, 
the impulse of the current, as is correct in practice. 

These results prove that the additive constant remains the same in the 
same instrument when used either side foremost, but that, on the other 
hand, the amount of the neoessary multiplicative constant depends upon 
the form of the wands receiving the impulse of the wind, as had been 
anticipated and mentioned in the remarks upon Net. 10 and 11 aeriM. 

No. XII. Diagram (Itt Seriea, 12a). — Table of Sxperimentt made 
with a i-ineh Btram'i Anemometer on the Whirlaiff Machine, in a 
26-^eet circle, to ascertain the ^erenee between the Anemometer 
going the bach to eiarent and face to cwrent. 



Hi 



It 

I* 



Ik 

!1 



II-* 

5^ 



236 

No. XII. Diagram (2nd Serlei, VZb).— l\ihle of Experiments » 
with a A'iuch Dii^m's Anemometer on the Whirling Machine, in 
25-/tet circle, to-^ertaitt tlie difference between the Anemomeli 
gnng the back to cHurent andjace to current. 



i 

a 


««,«., D^»,«.-™o.,« 


"""1;™™""" 1 


1 


Y 


1 


n«^ 


L 


1 
1 


J 


-1 


1 


i 


1 


t 


1 
! 

■ 

4 
E 
8 
7 
8 
9 


60 
66 
123 
13S 
SI3 
S90 
817 
867 
442 


lOS 

loe 

163 
178 
250 
£02 
360 
400 
47ft 


474 


■■ 




lis 

117 

256 
807 
390 
440 
467 


141 
160 
276 
313 
400 
460 
476 


146 

4r6 


1 





In general principles the anemometers of Wliewel and Osier are ^ 
Bimilar to those of Combes and Biram, but bj additional apparatus t^ 
two former are made Belf-regiat«ring, both in reference b> the force and 
direction of the wind; this, of course, adds to the friction of the instru- 
ment, and they are not, therefore, adapted for ascertaining the velocities 
of feeble currents. 

The anemometer of Dr. Robinson is constructed on the assumption 
that the force of impact of the air against hollow hemispherical cups U 
twice as great on the concave as on the convex side of the cups, and that 
the vanes revolve at the rate of j of the velocity of the current, except 
in so far as the velocity of revolution is modified by friction. 

The mechanism of this instrument is very strong, and allows of the 
revolutions being recorded throughout a whole day; it would, therefore, 
be a very suitable anemometer to have near a fiirnace, or in the principal 
intake or return from a mine. 



T CIR 



u 







ICIaK. 



►//* wntid 




CIRCL 



♦3 if R * H 



»«V H * /// 



raphed by Aarl^Reid. Newcastle i^n Tyne. 



- ^ . .m . — 



■MM 



l1 



% . 



237 

PRESSURE ANEMOMETERS. 

Perhaps amongst the best known of the pressure anemometers are 
Mons. Bongui'S; Dr. Lind's, that of Mons. de Henaut, described by 
Ponson, and Mr. Dickinson's, one of Her Majesty's Inspectors of Mines. 
The anemometer of Mons. Bongui consists of an apparatus like a spring 
balance, furnished with a float-board or plain surface of given area, and 
the pressure or impulse is indicated by marks on the sliding rod of the 
spring ; it is figured and described in the '' Edinburgh Encyclopeedia." 

The anemometer of Dr. Lind resembles the photometer of Pit6t ; it 
determines the velocity of the wind by iis action on a small quantity of 
water in a U shaped tube ; as the same instrument is much used in coal 
mines as a water-gauge for indicating the difference of pressure between 
the downcast and upcast air-column, it will not be at all necessary to give 
a detailed description of it. From numerous experiments. Dr. Lind con* 
sidered that the pressure of the wind in direct impulse is nearly propor- 
tional to the square of its velocity. The following table is calculated 
from this, but considerably enlarged by other experiments. 
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IhbU of the Force and Velocity of different Winds for Vis Graduation 
of Anemometert. (Edinburgh Encychpeedia.) 
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Borda, however, found that the force of the wind was greater by -^ 
part than Rouse's table gives. Hutton also showed that the forces at 
very great velocities increased in a somewhat higher ratio than the 
squares of the velocity. 

Henaut's aaemometer, a figure of which is annexed (^Dramng No. 
XIIL), is similar in its principle and action to that of Mr. Dickinson; 
in the latter the impulse is received on a plain surface of oiled skin about 
3 inches square, suspended from the top, the variations of which, from 
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the perpendicular^ are noted on a scale which is marked off by direct 
experiments. This instrument is extremely portable^ and not easily put 
out of order; but whilst it possesses the great yalue^ with other instru- 
ments of this class, of not requiring any watch or other means of noting 
the time, it is, in common with them^ subject to the gpreat disadvantage 
of vibrating continually, especially in a rapid current ; and of not re- 
cording the variation of the velocity within limits of 20 feet per minute ; 
it is^ however, very useful in steady currents of from 200 to 700 feet per 
minute. 

Drawings and descriptions of several other ingenious anemometers will 
be found in the '^ Edinburgh Encyclopeedia." 

COMPLEX ANEMOMETERS. 

The principle of the interesting method proposed by Professor Leslie, 
for finding the velocity of an air-current by its cooling action, can be 
studied at length in his '' Treatise on Heat" From his experiments he 
deduced the following : — *^ A thermometer is held in the open still atmo- 
sphere, and the temperature marked ; it is then warmed by the application 
of the hand, and the time noted which it takes to sink back to the normal 
point; this is termed the fundamental measure of cooling. The same 
observation is made on exposing the bulb to the impression of the wind, 
and the time required for the bisection of the interval of temperatures is 
termed the occasional measure of cooling ; then, divide the fundamental 
by the occasional measure of cooling, and the increase of the quotient 
above unity, being multiplied by 4}, will express the velocity of the wind 
in miles per hour." 

As many of the irregularities in the results obtained from the use 
of revolving anemometers, as exhibited in the various experiments 
that have been described, were neither foreseen nor anticipated by the 
writers when they ventured to give notice of their intention to read a 
paper on this subject at the present meeting, the results obtained are not 
so satis&ctory and conclusive as they could have wished. 

It is, however, of some importance to exhibit the defects of the various 
modes at present employed for the measurement of air in mines ; and the 
writers venture to hope, that at no distant day they may, by the further 
prosecution of their experiments, be able to lay before the members of 
this Institute some more satisfactory mode of effecting this very desirable 
object with sufficient accuracy. 
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HE8SS3. ATKINSON AND DAeUSFS PAPEB ON TEE FBIGTION Of 

AN£MOM£TEBS. 



Mr. Dickinson — ^I can hardlj allow this subject to pass without 
saying a few words to the meeting. I have examined the machine to 
which Mr. Atkinson and Mr. Daglish have called attention, for the purpose 
of ascertaining the amount of frictiony and I think it is the most perfect 
instrument of the kind which we have in this kingdom, or, indeed, any- 
where else. It is about nine years since I examined the mode by which 
the friction of Monsieur Combes' anemometers was ascertained. That 
instrument was about four feet long, and had to be held in the hand. It 
was by no means a very accurate mode, but probably the best then in use. 
I then got an instrument made, somewhat on the same principle as the 
one which Mr. Daglish has since constructed; only the one I had con- 
structed had no counter to regbter the number of reyolutions, which 
require to be counted. With that exception, the two are almost identical 
With respect to what Mr. Atkinson has said as to the formula for 
Biram's anemometers, I think that, if he will extend his experiments, he 
will find a variation, and that there should be constantly a sum added or 
deducted. At a velocity of ei^ty feet per minute, for instance, a certain 
addition would be required to the revolutions; but after you get to 
400 feet a minute, I think you would find that some of the anemo- 
meters would begin to register differently, and, therefore, this line 
[explaining by the formula] is not a straight Une, but somewhat in the 
form of a curve. My observation leads me to believe that it is in tbe 
form of a hyperbola. This subject is of great importance to those whose 
duty it is to make an accurate measurement of the velocity of air in 
mines, and it is a very tedious business indeed to carry it out to perfection. 

Mr. Atkinson — I think Mr. Dickinson is under a mistake when he 



242 

Btates that, in Biram's anemonteters, it is sometimes necessary to add and 
BOmetimes to deduct. The velocity of the wind is generally found to 
be equal to an expression of the form a R + b ; where R represente the 
revolutions per minute, of ttie BDemometer, and a and b are constants. 
There are five or six anemometers, by all of which the amount of the 
velocity is found by means of an additive, and do not require a deduction. 

Mr. Dickinson — Are any of these anemometers heavy, or are they 
all of that description ? 

Mr. Atkinson — I have worked them all, and they all involve an 
additive : the wind force is as the square of the velocity. There is s . 
curve shown, but it is very slight indeed. 

Mr. Dickinson — Are they all heavy anemometers? 

Mr. Daolish — They are anemometers of all sizes. The mode in whicli 
the formula is obtained, and its actioD, is explained at length in the paper. 
The formula given will apply to any instrument, either heavy or light. 
By altering the multiplying constant, the line given by any anemometer ■ 
can be brought on to the diagonal, ^ 

The President — I am afraid that time will not permit of our enteringf 
at any length into this interesting investigation. It is an extremely 
important one, and, as Mr. Daglish very properly says, next to the 
importance of knowing that there is a current of air in the mine, is that 
of ascertaining how strong that current is. As the theory and practice 
of ventilation forms one of the most important elements in the study of 
mine engineering, it is highly desirable that such a subject as this should 
be brought before the meeting, with a view to further investigation. I 
am glad to find that these gentlemen have taken up the subject, with a 
view of testing the accuracy or inaccuracy of the inatnunents in use, and 
I think it may properly be left in their bands to produce a more complete 
paper before the papers are printed, when the whole subject can bo 
brought under discussion at the meeting fixed upon for that purpose. 



CONCLUSION OF THE MEETING. 



ULTERIOR ARRANGEMENTS AS TO PAPERS PRESENTED TO BE READ. 

The Presidbnt, after the reading of Messrs. Atkinson and Daglish's 
paper, said, I hardly know how to deal with the papers which are still to 
read. There is one by Mr. Daglish on '^ Shaft Tubbing and Walling;" 
one by Mr. Lever, and another by Mr. Charlton, on '' Safety-Lamps ;" 
and then there is Messrs. Atkinson and Coulson's paper, which treat on 
subjects of considerable importance, but I am afiraid we shall have no 
time to read them. 

Mr. Matthews — ^It would be very desirable to hear Messrs. Atkin- 
son and Coulson's paper read, but I do not think that it could be properly 
done within a quarter of an hour, and certainly we could not discuss it. 
It would hardly be doing justice either to the subject or to Mr. Atkinson 
to hurry it through. I am afraid there is not time enough to treat it with 
that attention which its importance certainly merits at our hands. 

Mr. Atkinson — I am perfectly willing that it should be printed 
without being read at all, or that it should be read at once. I am quite 
in the hands of the President and the meeting. 

The President — It could not properly be printed without being read. 
It might be deferred being read till the next monthly meeting of the 
Institute, and so become part of the proceedings. Nor do I think that 
the adoption of such a course would*be attended with any inconyenience, 
because I belieye I am correct in stating, that the papers which we have 
already read, up to the time we came here, will, together with the pro- 
ceedings of the anniversary meeting in August, form sufficient matter for 
the volume of 1861. Then, I think that the papers which have been 
read here will almost form another volume. This paper will, if dealt 
with as I propose, be printed along with others forming part of the volume 
of 1862, and would be in the hands of the members in a couple of months, 
and it would be open for discussion before the end of the year. I do not 
think it would be doing justice to Messrs. Atkinson and Coulson's, or 
Mr. Daglish's papers, that they should be read in a very imperfect manner 
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now, and at a time when no discussion can take place upon them. I 
Bhould, however, be glad to take the sense of tlie meeting' upon the subject. 

Mr, Atkinsom — There is one advantage which, if it were possible to 
do so, would attend the reading; of the paper now, and that is, that 
Mr. CoulsoQ is present, and would be able to give any explanations that 
might he required. 

The Prksidekt — All that we can say about that is, that we hope 
when the paper cornea on for discussion, Mr. Coulson will manage to be 
present. I presume the success which has attended this meeting will 
induce ns to meet again in a similar way, to discuss the papers of this 
meeting, after they have been in the hands of the members, and to read 
other papers; and if so, we might enter into a discussion upon this paper 
after the members have had it before them, and quietly considered it over. 
Ho douht Mr. Coulson will make an efibrt to be present on that, occasion. 
Ho is very much employed on the Oontinent in sinking pits, and certainly 
no one in our district has had the experience that he has had, and there- 
fore I hope that he will endeavour to be present when the paper is 



Mr. CouLSOW — I am quite sure that it would take too long to discuss 
the subject now. 

The President — Then I think we had better postpone the paper for 
the present. 

IHAKKS TO THE MIDLAKD INSTITDTB. 

The President — Gentlemen, I think that it is only right aod proper 
that before we separate we should return our best thanks to the Council 
of the Birmingham and Midland Institute, to which this building belongs, 
for the use of the room, and for the very handsome manner in which they 
have received us on the occasion of «ur visit to Birmingham. Without 
saying more, I beg at once that our best thanks be given to the. Council 
and Members of the Birmingham and Midland Counties Institute. 

The vote was carried by acclamation, 

THANKS TO THE DEAN OF FACULTY AND MANAGER OF THE COLLEGE. 

The President — There is also another public body to whom our 
thanks are due, and that is the Dean of Faculty and the Managers of 
this College, for the use of the room in which our models have beea 
exhibited. I therefore beg to propose a vote of thanks to them. 

Carried bv acclamation. 
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OONCLUDINQ OBSERVATIOKS. 

The Presidbnt — Now, gentlemen, I have only a very few observa- 
tions to make to you on the conclusion of this most interesting meeting. 
I am sure it must have been most gratifying to every member of the 
Northern Institute of Mining Engineers^ to have seen such a number of 
gentlemen present since we commeQced our proceedings. The &ct 
that such a numb^ of gentlemen have been present shows the great 
interest which has be^i excited in Una district, and nodiing can better 
repay the trouble and pains which the Institute has taken, than to meet 
80 many of their friends at this distance from the locality which is 
the principal Aeatre of their operations. It has far exceeded my 
expectations to have seen so large a number of gentlemen gathered 
together on this occasion, and I hope that, if it should be the pleasure of 
the members of the Institute, and for the convenience of particular 
districts, that we should meet next year in some di&rent locality, such a 
Bieeting may be equally suocessAiL I am sure that the gentlemen 
residing in Newcastle and its neighbourhood would be very glad to have 
the meeting held in any locality which may be thought most central, and 
most suitable and convenient for the members of the Institute. As presi- 
dent of die Society, and in the name of the Institute, I beg to return 
the gentlemen present, and those who have honoured us with their 
presence, our most hearty thanks for the honour they have done us by 
attending this meeting to the extent they have. 

Mr. Matthews — Grentlemen, before we separate, let me request the 
meeting to do an act of courtesy as well as an act of justice in returning 
our very best thanks for the service which Mr. Wood has rendered on 
this occasion, by so ably presiding over our discussions. Mr. Wood's 
known reputation as a man of science, as a man of large influence, and 
as a man of great authority upon all questions of practical importance, 
like those which we have discussed yesterday and to-day, entitle him to 
our waipoiest consideration. He has conducted the business of the 
meeting with that urbanity, that courtesy, and that intelligence which 
characterizes the whole course of his life ; and we should be doing great 
injustice to him, as well as much discredit to ourselves, if we did not, 
before separating, present to Mr. Wood our best acknowledgments for 
the able and courteous manner in which he has presided over and con- 
ducted the whole business of the meeting. Grentlemen, I beg to propose 
that the thanks of the meeting be given to the President, Nicholas 
Wood, Esq., for the able manner in which he has conducted the business 
of the last two days. 



Blacewbll — ^I beg most cordially ta second t^e motion. 

The motion was then put bj Mr. Matthews, and carried by accla- 
mation. 

The President — Gentlemen, I feel extremely obliged to you for tlie 
manner in which you have received the proposition of my friend Mr. 
Matthews, seconded by Mr. Blackwell, I certainly have devoted all the 
ener^es with which I am possessed in the advancement of those objects 
to which my friend Mr. Matthews has alluded, and especially of those for 
the promotion of which the Northern Institute of Mining Engineers was 
established. I have given al! the time I could possibly spare to render 
it as an Institution as successful and as usefiil as possible. I thought 
that the formation of such an Institute, when it first commenced its opera- 
tions, would be chiefly advantageous, as far as it could influence the 
improvement in coal mining, to the district in which coal mining was 
oarried on to the greatest extent, namely, Newcastle-upon-Tyne, I 
hardly expected that it would evei* meet with such success and such 
oofiperation as that which has resulted in our meeting at Birmingham ; 
and it is certainly most gratifying to me that such should have been the 
case. In conclusion, I can only say, gentlemen, that I am exceedingly 
obliged for the very flattering recognition which you have made for any 
slight services which I may have rendered to the Institute on the present 
moat interesting occ&sion. 

This having concluded the business^ the meeting broke up. 
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ANNIVEB8ARY MEETINa, THURSDAY, AUGUST 7, 1862, IN THE ROOMS 
OF THE INSTITUTE, WESTGATE STREET, NEWCASTLE-UPON-TYNE. 



Nicholas Wood, Esq., President of the Institute, in the Chair. 



The President (after the business of the anniversary meeting had 
been disposed of) said, he had to bring before them the discussion of tlie 
papers of the Birmingham Meeting. They had issued a circular, that it 
was necessary that the authors of these papers should be present at such 
discussion } but there appeared to be only present the authors of two of 
the papers. Members would recollect that it was arranged at Birmingham 
that the discussion should be taken at the time, the parties all being 
present ; but it was found that there was not time for the discussion of 
all the papers. As Mr. P. S. Heid and Messrs. Atkinson and Daglish 
were the only gentlemen present, he (the President) supposed that tliose 
authors whose papers were discussed at Birmingham thought such dis- 
cussion was sufficient, as they were not present to-day. They would, 
therefore, take the discussion of the papers by Mr. Reid and by Messrs. 
Atkinson and Daglish. 

DISCUSSION ON MR. REID'S PAPER ON TUBING BORE HOLES 
IN PASSING THROUGH QUICKSANDS, &c. 
Mr. BoTD called attention to the word '^ first" on the drawings 
accompanying the paper. He wished to set Mr. Reid right With all 
due deference to him, this was not the first time such a principle was 
made use of — the principle, namely, of using screws, and the description 
of tubing referred to— for the purpose of passing through water, sand, or 
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g;ravel, in boring. Mr. Ralph Haddison was «n«ag«d for the Urpetb 
Colliery, in 1844, and used an exactly similar description of tubing — 
malleable iron tubing, done with screws, and fitted together, and with 
the same face both insitie and out The hole went twenty-two futhoma 
through sand and clay, without coming to any rock atrati£ cation, and 
was perfectly successful. H came to the coal measures at the bottom of 
twenty-two fathoms, and proved the seam which was then searched for. 
The principle of withdrawing the tubes was also adopted. After Mr. 
Maddinon had eSected his purpose, he {Mr. Boyd) employed a small slot 
attached to a strong chain let down the inside of the tubes, and this slot 
iailing out at the bottom of the tubes, by great power used at the top of 
the hole, he drew the whole twenty-two fatlioms of tubing. He 
(Mr. Boyd), simply wished to set Mr, Reid right on the word " first." 
He did not mean to say Mr. Reid bad not great credit in the successful 
manner in which he accomplished bis boring at Eirklevington, but he 
thought the Institute should be set right as to the priority of the use of 
Buch a measure. 

Mr. Reid — Can you inform me where the tubing was obtained ? 

Mr. Boyd — At BirtJey Iron Works. 

Mr. Rkiu — There is no euch tubing as I osed at that hole made ia 
this district at the present moment ; the distinction is, that it is the same 
as the locomotire boiler tubes, which have net yet lieen made here. 

Mr. Marlet — How are tlie tubes connect-ed together ? 

Mr. Reid — By screws, half-lapped into each other. 

The President— You say it vaa not the same tube as Mr. Boyd 
mentions ? 

Mr. Reid— Not the same. 

Mr. Atkinson — The one was with a vertical seam, the other without 
such a seam ; I do not see that there is anything essentially different in 
the construction. 

Mr. Reid — There is this difference : that my tubing offers less resist- 
ance to tools going down through the strata. 

Mr. Mahley — It would appear that the difference Mr. Reid claims is 
in the joining of the tubes. His were screwed, while those used by 
Mr. Boyd and Mr. Maddison were not ho. Those described by Mr. Boyd 
fitted together by a sort of overlapping joints perfectly smooth in ike 
fece both inside and out, and were screwed together horizontally. There- 
fore, there is that distinction between the two ; but otherwise there is no 
difference in the principle, and no difference whatever in the result, 
because there was a most perfect &ce both outside and inside. 
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Mr. Boyd— And water-tight 

The President — Do you think them equally fit for the purpose ? 

Hr. Marlet — I think so^ quite. 

Mr. Re ID— It is quite clear^ if I could have got such tubing at 
Birtley, I would not have gone to Birmingham for it. 

Mr. Boyd— Did you make application for it ? 

Mr. Reid — I did. 

The President — If there is such a distinction between your tubes 
and those named by Mr. Boyd^ your observation about their being the 
first used would be correct. 

Mr. T. E. FoRSTER — It would not be the first tubing used ? 

Mr. Reid^I do not mean to say so. 

The President — He says that particidar tubing for bore holes was 
first applied at Eirklevington. 

Mr. Reid — It is that particular description of tubing first applied. 

Mr. Marley — When the word is restricted simply to the mode of 
fastening the pipes together^ it is correct. 

The President — Mr. Reid may not have had before him that ques- 
tion. The great point for the Institute is^ which of the two plans is the 
best. Mr. Marley seems to think there is no great difference between 
them. 

Mr. Marley — I do not think there is a great difference ; and I think 
the way Mr. Maddison's tubes were fastened together was more likely to 
be permanent than the present. 

Mr. Reid — Do you mean a rivetted tube is more likely to work well 
than a solid one ? 

Mr. Marley — It would be a solid one. 

Mr. Reid went on to state^ that in the French mode of borings as 
represented in the Exhibition^ they had tubes precisely similar to those 
described by Mr. Boyd. The attention of Mr. Sopwith, and, he 
believed, Mr. Smythe, had been drawn to their defects, which were 
palpable. 

DISCUSSION ON MESSRS. ATKINSON & DAGLISIPS PAPER 

ON THE VELOCITIES OF CURRENTS OF AIR IN MINES. 

Some conversation next took place on the subject of Messrs. Atkinson 
and Daglish's paper. 

Mr. Atkinson said he had no further remarks to make on the matter. 

The President thought the paper was a very ingenious and able one; 
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but, uhIbss tliej could go into it iiilly, no off-band obserratioos'wot^^ 
of any avail. He thought it would be quite competent to go into tte 
discusiiion in sotue shape, any time (tf\«nrards. 

Mr. Atkinson suid, the general result they had come to after making 
a lurge series of exporimonts, was, that none of the anemDmoters gave 
correct results as to the quantities of air, but they had adopted means by 
which they could find a formula which applied to each anemoni9t«r; 
diSeront constants had been found to be required for different instru- 
ments, depending on their oonatniction, weight, direction, and so forth; 
and by applying the formulie into which tJiey entered, to tbe observations, 
tiiey got the actual velocities, without which, tbe unemometers were 
comparatively useless. 

The President remarked, that every anemometer differed in some 
respects from another, and thus produced different reisults. Tn conse- 
quence of friction, or construction, or something' or other, they all varied, 
and they required that experiments should be made with each instru- 
ment, and from these they might deduce constants which would bring 
ont a correct result. [Mr. Atkinson — Quite so.] This waa rather 
important, because hitherto, the general practice bad been to assume 
that the anemometer waa correct, and, of course, every gentleman must 
see tbe iustrnments could not be quite correct, made as they were, by 
difierent parties, and in some respects not strictly accurate, not to speak 
of the friction being variable. So far as he had rend Messrs. Atkinson 
and Daglish's pnper, it soomed to show v.'ry conclusively the necessity of 
an experiment being made with each instrument, tor the purpose of 
obtaining a constant, which, on being appbed thereafter, would produce 
a correct result; and he supposed, that by particular att«ntion to what 
they had recommended, it waa practicable to get out of every anemo- 
meter a correct result as to the quantity of air. 

Mr. Atkinbon said, it was possible to find a rule for any anemometer, 
which would give correct results. 

The President — You very conclusively prove that one anemometer 
varies iirom another, and records different results ? 

Mr. Atkinson— Just as much as human feces vary from each other. 

The President — And that it is necessary you should, in using them, 
go a little further and ascertain the constant peculiar to each instrument, 
so as to produce a correct residt t It is very important the Institute 
should know this, whether they ^iractise it or not. If they want strict 
accuracy, you have shown ttiem how to obtain it. 
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Mr. Daqlish said^ there was one very satisfactory result^ that almost 
all the Biram anemometers^ of one size^ had a general resemblance to 
one another^ though not strictly accurate. One of the diagrams accom- 
panying the paper; gave a great number of experiments with the small 
anemometer^ almost all running on the same line^ and a general formula 
might be given for that particular size of instrument. There was another 
interesting pointy that the anemometers continued correct. The fact of 
their being dirty or clean did not aifect their accuracy^ provided they did 
not get broken^ so that^ if the constants were once found^ they would 
be always true for that instrument. 

The discussion then dropped^ the President remarking^ that he 
thought their Birmingham volume would; with the addition of this dis- 
cussiou; be a very respectable one. 

After a vote of thanks to the Chairman^ the meeting broke up. 
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